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ABSTRACT
Consumer p re fe r e n c e  s tu d i e s  i n  v a r io u s  a r e a s  o f  th e  co un try  have 
in d i c a t e d  th e  need f o r  b e t t e r  q u ic k -co o k in g  r i c e  and r i c e  p ro d u c ts .  
T h e re fo re ,  an i n v e s t i g a t i o n  was d e s ig n ed  to  develop  methods f o r  th e  
p ro d u c t io n  o f  a  q u ick -co o k in g  r i c e  w ith  p r e s e l e c t e d  c h em ica l ,  p h y s ic a l  
and n u t r i t i o n a l  p r o p e r t i e s .  The end p ro d u c t  sh o u ld  have th e  normal ap­
p ea ran ce  o f  p r e s e n t l y  a v a i l a b l e  commercial r i c e  w ith  g r a in s  no t ap p re ­
c ia b ly  d i f f e r e n t  in  s i z e  from unm odif ied  r i c e .  Such r i c e  shou ld  have 
s u b s t a n t i a l l y  th e  same c h a r a c t e r i s t i c s  o f  s w e l l in g  as n a t u r a l  r i c e ,  and 
when f i n a l l y  cooked shou ld  have f l a v o r ,  t e x t u r e ,  t a s t e  and appearance  
v e ry  s i m i l a r  t o  i d e a l l y  cooked c o n v e n t io n a l  m i l l e d  r i c e .  I t  was a l s o  
n e c e s s a ry  to  make equipment m o d if ic a t io n s  in  th e  l a b o r a to r y  w ith  th e  
a ss u ra n c e  t h a t  such changes would be a p p l i c a b l e  t o  i n d u s t r i a l  p ro d u c t io n  
o f  th e  p ro d u c t .
A p ro c e ss  which f u l f i l l s  th e s e  req u ire m e n ts  f o r  p roduc ing  a 
s u p e r io r  q u ick -co o k in g  r i c e  has  been dev e lo p ed , and in v o lv e s  chem ical 
t r e a tm e n t  (1 , 3 .5  and 7% o f  a 50-50 m ix tu re  o f  sodium c i t r a t e  and c a l ­
cium c h lo r id e )  o f  b o th  e n r ic h e d  and n o n -e n r ic h e d  samples o f  raw, w h i te ,  
lo n g - g r a in  Bluebonnet r i c e  o f  known h i s t o r y ,  fo llow ed  by p r e s s u r e  cook­
in g ,  f r e e z e - d r y in g  and c o n v e c t iv e  a i r  d ry in g .
L abora to ry  o p e ra t io n s  f o r  th e  p r e p a r a t io n  o f  o p tim a l q u a l i t y  
i n s t a n t  r i c e  in c lu d e d  f i v e  m ajor s t e p s : (1) soak ing  ( in  fo u r  aqueous
m e d i a - - d i s t i l l e d  w a te r ,  and w a te r  c o n ta in in g  1, 3 .5  and 7% o f  a 50-50
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m ix tu re  o f  sodium c i t r a t e  and ca lc ium  c h l o r i d e - - t o g e t h e r  w ith  two le v e l s  
o f  w a te r  te m p e ra tu re ,  70° and 1 2 2 ° F ,  and two p e r io d s  o f  e lap se d  t im e , 
one m inute  and 15 m in u te s ) ; (2) cooking (h e a t in g  in  an a u to c la v e  a t  
250°F and 15 p s ig  f o r  2 e la p s e d  tim e p e r io d s - - 2  and 3 m in u te s ,  and 
h e a t in g  i n  w a te r  a t  two l e v e l s  o f  te m p e ra tu re ,  185° and 212°F, f o r  th r e e  
p e r io d s  o f  e la p se d  t im e - - 5 ,  10, and 15 m in u te s ) ;  (3) d ry in g  (c o n v e c t iv e  
a i r  d ry in g  a t  two a i r  flow r a t e s ,  88 and 120 cfm, and two a i r  tem p era ­
t u r e s ,  180° and 200°F, and p a r t i a l  f r e e z e - d r y in g  fo llow ed  by c o n v ec t iv e  
a i r  d ry in g  a t  120 cfm and 200°F ); (4) r e h y d r a t io n ;  and (5) o r g a n o le p t ic  
e v a l u a t i o n s .
The d a ta  in d i c a t e d  t h a t  chem ical t r e a tm e n t  and f r e e z e - d r y in g  were 
c r i t i c a l  s t e p s  f o r  th e  p r e s e r v a t io n  o f  n u t r i e n t s  d u r in g  p ro c e s s in g .
C hem ically  t r e a t e d  raw r i c e  soaked a t  122°F f o r  15 m in u te s ,  and 
cooked in  an a u to c la v e  a t  250°F f o r  3 m in u te s ,  fo llow ed  by f r e e z e - d r y in g  
and c o n v e c t iv e  a i r  d ry in g ,  e x h ib i te d  maximum r e t e n t i o n  o f  th ia m in ,  
n i a c i n  and i r o n .
When th e  re h y d ra te d  r i c e  was e v a lu a te d  o r g a n o l e p t i c a l l y ,  the  
c o lo r ,  f l a v o r ,  c o h es iv en ess  and t e x t u r e  were shown t o  be h ig h ly  a c c e p t ­
a b le .
T h is  s u p e r io r  i n s t a n t  r i c e  w ith  th e s e  d e s i r a b l e  ch em ica l ,  p h y s i ­
c a l  and o r g a n o le p t i c  c h a r a c t e r i s t i c s  can be produced i n d u s t r i a l l y  by 
s im p le  p ro c e ss  equipment changes.
INTRODUCTION
New conven ience  food item s a re  now in  g r e a t  demand, s in c e  th ey  
have become w id e ly  acc e p ted  by th e  American p u b l i c .  I n s t a n t  r i c e ,  a l s o  
c a l l e d  q u ic k -c o o k in g  r i c e ,  i s  one such p ro d u c t .  In  c o n t r a s t  to  p a r ­
b o i l e d  r i c e ,  which i s  more dense and r e q u i r e s  a lo n g e r  cooking time 
than  raw m i l l e d  r i c e ,  q u ick -co o k in g  r i c e s  a re  l i g h t ,  po ro u s ,  ta k e  up 
w a te r  r e a d i l y ,  and can be p re p a re d  f o r  th e  t a b l e  in  about 5 o r  6 
m inu tes .  T here  a r e  many approaches  to  re n d e r in g  raw, m i l le d  r i c e  in to  
a q u ic k -c o o k in g  p ro d u c t .  E s s e n t i a l l y  th e  p ro c e ss  c o n s i s t s  o f  soak ing  
premium g rad es  o f  th e  s e l e c t e d  r i c e  v a r i e t i e s  in  w a te r  to  a t t a i n  a 
m o is tu re  c o n te n t  o f  ap p ro x im a te ly  35%. The r i c e  i s  cooked, sometimes 
under p r e s s u r e ,  and s u b se q u e n t ly  d r i e d  under c o n t r o l l e d  c o n d i t io n s  o f  
te m p e ra tu re  and h um id ity  in  an a i r  s t re am . F re q u e n t ly ,  p r i o r  t o  r e ­
c o n s t i t u t i n g  in  w a te r ,  a h o t  a i r  b l a s t  i s  employed to  e f f e c t  f i s s u r i n g  
o f  th e  r i c e  k e r n e l .  T h is  promotes p o r o s i t y  and a id s  in  speed ing  o f  
w a te r  a b s o r p t io n .  O ther  methods employ p r e s s u r e  cooking fo llow ed  by 
r e l e a s e  i n t o  a vacuum to  e f f e c t  in c re a s e d  p o r o s i t y  o f  th e  k e rn e l .  More 
r e c e n t  approaches  t o  e f f e c t i n g  q u ick -co o k in g  p r o p e r t i e s  employ soak ing  
and cooking  o f  th e  r i c e ,  th en  f r e e z i n g ,  thaw ing, and d e h y d ra t in g ,  o r  
d ry in g .  The f i n a l  d e h y d ra ted  p ro d u c t  can be p re p a red  f o r  consumption in  
ap p ro x im a te ly  f iv e  m in u te s - - o r  l e s s  w ith  th e  a d d i t io n  o f  th e  recommended 
q u a n t i t y  o f  h o t ,  b o i l i n g  w a te r .  S e v e ra l  o th e r  p r o c e s s e s , employing th e  
p u f f in g -g u n  and p ressu re -vacuum  methods, a re  r e s p o n s ib le  f o r
q u ick -co o k in g  p ro d u c ts .
One o f  th e  p r i n c i p a l  p h y s ic a l  m o d if ic a t io n s  o f  r i c e  produced by 
most o f  th e s e  methods i s  t h a t  o f  g e l a t i n i z i n g  th e  s t a r c h  by th e  a p p l i ­
c a t io n  o f  h e a t s w ith  a g rad u a l  in c r e a s e  in  m o is tu re  c o n te n t  to  about 
70%. Hot w a te r ,  s team , d i e l e c t r i c ,  i n f r a r e d ,  o r  microwave energy  have 
been a p p l ie d  as  th e  so u rce  o f  h e a t .  C e r ta in  chem ical t r e a tm e n ts  have 
a l s o  been t r i e d  t o  g e l a t i n i z e  s t a r c h e s .  However, chem ical t r e a tm e n ts  
a l s o  employ h o t  w a te r ,  steam  o r  b o th ,  in  g e l a t i n i z a t i o n  p ro c e s s e s .
Heat t r e a tm e n t  o f  th e  r i c e  i s  e f f e c t e d  in  th e  p re sen c e  o f  th e  
aqueous chem ical o r  chem ical s o l u t i o n .  An aqueous s o lu t i o n  can be used 
which i s  i n i t i a l l y  e i t h e r  c o ld  o r  h o t .  Such a  chem ical may be an a l k a l i  
m eta l p h o sp h a te ,  i . e . ,  phosphate  o f  sodium o r  po ta ss iu m  in c lu d in g  o r th o  
p h o sp h a te s ,  m etaphosphates  o r  p y ro p h o sp h a tes .  S p e c i f i c  examples a re  
monosodium p h o sp h a te ,  NaH^PO^, d isodium  p h o sp h a te ,  Na^HPO^, sodium t r i -  
m etaphosphate , (NaPO^)^, d isodium  dihydrogen  p y ro p h o sp h a te ,  Na2 H2 P20 y» 
and te t r a s o d iu m  p y ro p h o sp h a te ,  N a^^O ^. The a l k a l i  m eta l phosphates  
a c t  p r i n c i p a l l y  to  modify th e  s t a r c h  o f  th e  r i c e  f o r  in c r e a s in g  i t s  
h y d r o p h i l i c  c h a r a c t e r ,  b u t  may a l s o  modify th e  p r o t e i n  o f  th e  r i c e  to  
reduce  i t s  p r o t e c t i o n  o f  th e  s t a r c h  from w a te r  a b s o r p t io n .  Trisodium  
p h o sp h a te ,  N a ,P 0 . ,  i s  u n d e s i r a b le  because  o f  i t s  adverse  c ro s s  l in k in g
J
c h a r a c t e r i s t i c s  which may a c t u a l l y  d e t e r  a b s o r p t io n  o f  w a te r  by th e  r i c e  
and p re v e n t  i t s  g e l a t i n i z a t i o n .
Chemicals b e l i e v e d  t o  a c t  p r i n c i p a l l y  to  modify th e  p r o t e in  s t r u c ­
t u r e  by a t t e n u a t i o n ,  d i s r u p t i o n  a n d /o r  d i s i n t e g r a t i o n  a r e  c i t r a t e s ,  i n ­
c lu d in g  magnesium c i t r a t e ,  sodium c i t r a t e ,  Na^C^H^O^, and ca lc ium  c i ­
t r a t e ,  Ca^(C^H^O^) • 411^0. Such c i t r a t e s  a re  no t s u f f i c i e n t l y  e f f e c t i v e  
a lone  to  p roduce  a d e s i r a b l e  q u ic k -co o k in g  r i c e  p ro d u c t  in  c o n ju n c t io n
w ith  h e a t  t r e a tm e n t .  Such a c i t r a t e  shou ld  be used  e i t h e r  w ith  a l k a l i  
m etal phosphate  o r  c a lc iu m  c h l o r i d e ,  C aC ^-
A u x i l ia ry  chem ica ls  r e p o r te d  as hav ing  b e n e f i c i a l  e f f e c t s  a re  
f a t t y  a c id  g ly c e r i d e s ,  which d e t e r  a d h e s io n ,  and p rim ary  o r  secondary  
ca lc ium  ph o sp h a tes  which f a c i l i t a t e  a b s o r p t io n  o f  w a te r  by th e  s t a r c h  
and enhance th e  w h iten ess  o f  th e  r i c e  p ro d u c t .  However, use  o f  th e se  
chem ica ls  has been shown to  r e s u l t  i n  h ig h e r  p e r c e n t  o f  broken  r i c e  and 
to  a d v e rse ly  a f f e c t  th e  s to r a g e  l i f e .
M i l l in g ,  soak in g  and s team ing  methods t h a t  a re  p r e s e n t l y  used fo r  
t h e  p ro d u c t io n  o f  q u ic k -c o o k in g  r i c e  remove much o r  a l l  o f  th e  v i tam in s  
and m in e ra ls  o c c u r r in g  n a t u r a l l y  in  th e  r i c e  g r a in .  B o i l in g  r i c e  de­
s t r o y s  a p a r t  o f  th e  t o t a l  th ia m in .  Soak ing , p e r  s e ,  does no t lead  to  
l o s s ,  b u t  much th ia m in  i s  le ac h e d  o u t  i f  r i c e  g ra in s  s p l i t  d u r in g  soak­
in g .  Steaming p a r t i a l l y  d e s t r o y s  th e  th iam in . However, when r i c e  
g ra in s  a re  e n r ic h e d  w ith  v i ta m in s  such as r i b o f l a v i n ,  a y e llo w -o ran g e  
c o lo r  i s  im parted  t o  th e  r i c e  p a r t i c l e s  which d i s t i n g u i s h e s  th e  r i b o ­
f l a v i n  e n r ic h e d  m a te r i a l  from th e  co n v en t io n a l  p ro d u c t  o f  commerce, 
making i t  u n a c c e p ta b le  to  consum ers. In a p ro d u c t  in  which th e  en r ic h ed  
m a te r i a l  i s  in c o rp o ra te d  in  th e  form o f  a  p rem ix , th e  c o lo re d  g ra in s  
m ight be i n d i v i d u a l l y  removed from th e  m ix tu re  and thus  th e  b e n e f i t s  o f  
th e  v i ta m in  and m in e ra l  en richm en t a r e  l o s t  to  th e  u s e r .  C oatings  which 
a re  c o n v e n t io n a l ly  a p p l i e d  t o  f o r t i f y  r i c e  f a i l  t o  mask th e  c o lo r .
Of th e  dozens o f  q u ick -co o k in g  and enrichm ent p ro c e s s e s  and t h e i r  
r e s p e c t iv e  com bina tions  which have been r e p o r te d  over th e  p a s t  t h i r t y  
y e a r s ,  on ly  a ve ry  few have been  proven  p a r t i a l l y  s a t i s f a c t o r y .  There 
i s  s t i l l  a c t i v e  i n t e r e s t  among i n s t a n t  r i c e  m an u fac tu re rs  in  develop ing  
new and improved q u ic k -co o k in g  r i c e  p ro d u c ts  w ith  th e  view toward
4i n c r e a s in g  y i e l d s ,  r e t a i n i n g  h ig h e r  p e r c e n t  n u t r i e n t s ,  s h o r te n in g  p ro ­
cess  t im e ,  and im proving appearance  and o t h e r  o r g a n o le p t i c  q u a l i t i e s - -  
a l l  o f  which shou ld  u l t i m a t e l y  in c r e a s e  th e  t o t a l  consum ption o f  r i c e  
in  th e  U nited  S t a t e s  and e lsew h ere .
Th is  i n v e s t i g a t i o n  was d e s ig n ed  to  develop  i n d u s t r i a l l y  a p p l ic a b le  
methods f o r  th e  p ro d u c t io n  o f  a  q u ic k -c o o k in g  r i c e  w ith  p r e - s e l e c t e d  
p r o p e r t i e s .  The end p ro d u c t  sh o u ld  have th e  normal appearance  o f  p r e s ­
e n t l y  a v a i l a b l e  commercial r i c e ,  and th e  g r a in s  shou ld  n o t  be a p p re c ia b ly  
d i f f e r e n t  in  s i z e  from unm odified  r i c e .  Such r i c e  sh o u ld  have s u b s ta n ­
t i a l l y  th e  same c h a r a c t e r i s t i c s  o f  s w e l l i n g  as n a t u r a l  r i c e ,  and when 
f i n a l l y  cooked w i l l  have f l a v o r ,  t e x t u r e ,  t a s t e  and appearance  ve ry  
s i m i l a r  to  i d e a l l y  cooked c o n v e n t io n a l  m i l le d  r i c e .  The p ro c e s s in g  
methods used  f o r  th e  p r e p a r a t io n  o f  such q u ic k -c o o k in g  r i c e  must have 
whole g ra in s  which a re  s t r o n g  and n o t  f r a c t u r e d  o r  m u t i l a t e d .  Avoidance 
o f  m u t i l a t io n  o f  th e  r i c e  g ra in s  m inim izes lo s s e s  o f  s t a r c h  and n u t r i e n t s  
in  th e  p ro c e ss  o f  p re p a r in g  th e  q u ic k -c o o k in g  r i c e .
The m od if ied  p ro c e s s e s  p roposed  in  t h i s  r e s e a rc h  in c lu d e  chem ical 
t r e a tm e n t  o f  raw r i c e  fo llow ed  by c o n v e c t iv e  a i r  and f r e e z e  d ry in g .  Raw 
r i c e  was chem ica lly  t r e a t e d  to  modify th e  p r o t e i n  component o f  th e  r i c e  
so t h a t  more w a te r  would be a v a i l a b l e  to  th e  s t a r c h  component by im b ib i­
t i o n ,  and to  modify th e  s t a r c h  component o f  th e  r i c e  to  in c r e a s e  i t s  
h y d r o p h i l i c  c h a r a c t e r i s t i c s .  These chem ica l t r e a tm e n ts  in c lu d e  th o s e  
which f o r t i f y  th e  r i c e  p ro d u c t  w ith  ca lc iu m , sodium, c i t r a t e ,  e t c .  
R e la t iv e ly  low te m p e ra tu re s  used  in  c o n v ec t iv e  a i r  and f r e e z e  d ry in g  f o r  
d ry in g  th e  p ro d u c t  sh o u ld  keep th e  n u t r i t i o n a l  lo s s e s  to  a minimum.
REVIEW OF LITERATURE
Although th e  r e s u l t s  o f  many i n v e s t i g a t i o n s  on r i c e  r e s e a rc h  have 
been  a v a i l a b l e  i n  s c i e n t i f i c  and t e c h n i c a l  p u b l i c a t i o n s  and in  t r a d e  
j o u r n a l s  f o r  many d ecades , p e r t i n e n t  in fo rm a t io n  on p ro c e s s in g  improve­
ments and th e  p r e p a r a t i o n  o f  i n s t a n t  r i c e  i s  r e l a t i v e l y  r e c e n t  and 
co v e rs  a p e r io d  o f  ap p ro x im a te ly  tw e n ty - f iv e  y e a r s  between 1950 and 
1975. S e le c te d  r e f e r e n c e s  on th e s e  t o p ic s  have been a b s t r a c t e d ,  and 
b r i e f  summaries o f  t h e i r  im p o r tan t  f in d in g s  a r e  p r e s e n te d  below.
S tan d a rd  m i l le d  r i c e ,  depending  on v a r i e t y  and g r a in  s i z e  (.long, 
medium o r  s h o r t ) , r e q u i r e s  from 20 to  35 m inu tes  to  cook to  a s a t i s f a c ­
t o r y  c u l in a r y  a c c e p t a b i l i t y  when b o i l e d  acco rd in g  t o  u s u a l  r e c ip e  d i r e c ­
t i o n s .  In some in s ta n c e s  th e  r i c e  i s  soaked and b o i l e d ,  th e n  washed and 
s team ed , which r e q u i r e s  a t o t a l  a t t e n t i o n  tim e o f  about an h ou r. The 
r e l a t i v e l y  long p r e p a r a t io n  tim e in  th e  hom e--p lus  an o c c a s io n a l  po t o f  
s t i c k y ,  p a s ty  cooked r i c e - - h a s  r e s t r i c t e d  r i c e  consumption in  th e  United 
S t a t e s  fo r  many y e a r s .  Thus, c o n s id e ra b le  e f f o r t s  have been d i r e c t e d  to  
th e  development o f  q u ick -co o k in g  r i c e  p ro d u c ts  w ith  th e  view toward i n ­
c r e a s in g  consumption o f  r i c e  and d e v e lo p in g  p r o f i t a b l e  new p ro d u c ts .
The p r e p a r a t i o n  o f  q u ic k -co o k in g  r i c e  from raw r i c e  g e n e r a l ly  i n ­
v o lv e s  th e  o p e ra t io n s  o f  so ak in g ,  cooking and g e l a t i n i z a t i o n  fo llow ed  by 
d ry in g  o f  t h e  p ro d u c t .  C e r ta in  p re t r e a tm e n t s  a re  n e c e s sa ry  to  f a c i l i t a t e  
h y d r a t io n  and g e l a t i n i z a t i o n  (1 5 ) .  A lthough th e  g e n e ra l  p ro ced u re  fo r  
p ro d u c in g  most i n s t a n t  r i c e  p ro d u c ts  in v o lv e s  th e  above s t e p s ,  v a r i a t i o n s  
in  th e  p ro ced u re  have a s i g n i f i c a n t  e f f e c t  on th e  tim e o f  cooking and th e
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c h a r a c t e r i s t i c s  o f  th e  f i n a l  p ro d u c t .
Soaking
Much o f  th e  i n s t a n t  r i c e  produced today  u t i l i z e s  soak ing  by a 
sp ray  h y d ra t io n  p ro c e ss  p a te n t e d  by O za i-D u rran i  in  1960 (49 ) . Washing 
and r i n s i n g  f o r  long  p e r io d s  o f  tim e p r i o r  to  cooking removes up to  25% 
o f  th e  o r i g i n a l  w eight o f  th e  r i c e  and e l im in a te s  s u b s t a n t i a l l y  a l l  o f  
th e  v i ta m in s  and m in e ra ls  as w e l l  as most o f  th e  t a s t e  and f l a v o r .  Such 
lo s s e s  a re  reduced  by u s in g  th e  O za i-D u rran i p ro c e s s  (49) whereby the  
m o is tu re  c o n te n t  o f  h u l l e d  r i c e  i s  in c r e a s e d  by moving th e  r i c e  th rough  
s u c c e s s iv e  sp ra y s  o f  w a te r ,  th u s  l i m i t i n g  th e  amount o f  w a te r  used  f o r  
i n i t i a l  h y d r a t io n .  The amount o f  w a te r  emerging from th e  sp ray s  i s  
v a r i e d  a cc o rd in g  to  th e  c o e f f i c i e n t  o f  a b s o r p t io n  o f  th e  r i c e .  This 
c o e f f i c i e n t  v a r i e s  somewhat w ith  d i f f e r e n t  ty p es  o f  r i c e  and w ith  the  
te m p e ra tu re  o f  th e  r i c e  and o f  th e  w a te r .  The e x te n t  o f  m i l l i n g ,  p a r ­
b o i l i n g ,  and o th e r  c o n d i t io n s  a l s o  have an e f f e c t  on t h i s  c o e f f i c i e n t .  
P r e f e r a b ly  no more w a te r  shou ld  be used  than  th e  r i c e  g r a in s  can 
absorb  (15) .
S pray ing  p e rm its  th e  r i c e  p o re s  t o  absorb  w a te r  more q u ic k ly  and 
t r a n s m i t  i t  t o  th e  i n n e r  segments and i n t e r i o r  o f  th e  g r a in  more r a p id ly  
th an  does submerging th e  g r a in  in  a volume o f  w a te r .  The time n e ce ssa ry  
f o r  r i c e  t o  reach  th e  s a t u r a t i o n  p o in t  depends upon the  degree  to  which 
th e  g ra in s  have been m i l le d  and th e  te m p e ra tu re  o f  th e  h y d ra t in g  
s p ra y s  (15 ) .
At th e  s a t u r a t i o n  p o in t  th e  r i c e  has a t o t a l  m o is tu re  c o n te n t  o f  
abou t 30%, f e e l s  dry  to  th e  touch  and i s  f r e e  f lo w in g . During th e  i n i ­
t i a l  s t e p s  o f  h y d ra t io n  th e  r i c e  g r a in  i s  observed  to  absorb  m o is tu re
7th ro u g h  5 to  8 o r  more channe ls  runn ing  c ro ssw ise  o f  th e  g r a in  and d i s ­
t r i b u t i n g  m o is tu re  to  o th e r  p a r t s  o f  th e  g r a in .  The end from which th e  
embryo has been removed a llow s very  r a p id  w a te r  p e n e t r a t i o n .  As th e  
m o is tu re  c o n te n t  i n c r e a s e s ,  th e  r i c e  g ra in s  become opaque a f t e r  th e  
m o is tu re  i s  e q u a l ly  d i s t r i b u t e d  th roughou t th e  g r a in .  This  r i c e  i s  
e a s i l y  f r i a b l e  to  a g r a n u la r  m ois t f l o u r - l i k e  s t a t e .
When th e  g ra in  i s  viewed under m a g n i f ic a t io n  i t  i s  seen  to  have 
w a te r  d r o p le t s  e n c i r c l i n g  th e  e n t i r e  s u r f a c e  o f  th e  g r a in .  A l o n g i t u d i ­
n a l  o r  l a t e r a l  c r o s s - s e c t i o n  o f  th e  g ra in  viewed under h igh  power shows 
e n la r g e d  s t a r c h  g ra n u le s  suspended i n  w a te r .  The g ra in  i s  n e a r ly  im per­
v io u s  to  l i g h t  t r a n s m is s io n  and appears  to  be a com pressed, sn o w - l ik e ,  
w h ite  mass. The g r a in  i s  th u s  changed d u r in g  h y d ra t io n  from a t r a n s ­
lu c e n t  s t a t e  t o  an opaque s t a t e .
I t  i s  n o t  e s s e n t i a l  t o  com ple te ly  s a t u r a t e  th e  g ra in s  w ith  m ois­
t u r e  p r i o r  to  th e  cooking  o r  g e l a t i n i z a t i o n  s t e p .
Cooki ng and G e l a t i n i z a t i o n
The cooking  o f  r i c e  r e s u l t s  e s s e n t i a l l y  in  th e  g e l a t i n i z a t i o n  and 
s w e l l in g  o f  th e  s t a r c h  g ra n u le s  in  th e  r i c e  endosperm, w ith  a b s o r p t io n  o f  
w a te r .  Rice v a r i e t i e s ,  because  o f  t h e i r  v a r io u s  p h y s ic a l  and chem ical 
s t r u c t u r e s , d i f f e r  s i g n i f i c a n t l y  in  t h e i r  cooking and p ro c e s s in g  q u a l i ­
t i e s  . W ell-cooked m i l le d  k e rn e ls  o f  s h o r t -  and medium-grain v a r i e t i e s  
a re  u s u a l l y  r e l a t i v e l y  f irm  and s t i c k y ,  whereas lo n g -g r a in  v a r i e t i e s  a re  
f la k y  and m a in ta in  g r a in  i n t e g r i t y .
Numerous a t te m p ts  have been  made to  r e l a t e  th e  chem ical and p h y s i ­
c a l  p r o p e r t i e s  o f  r i c e  k e rn e ls  and r i c e  s t a r c h  w ith  th e  h y d ra t io n  and 
p ro c e s s in g  c h a r a c t e r i s t i c s  o f  commercial m i l le d  r i c e .  S ev e ra l
8i n v e s t i g a t o r s  have r e p o r te d  a c lo s e  a s s o c i a t i o n  between amylose c o n te n t  
o f  r i c e  and i t s  s w e l l in g  c h a r a c t e r i s t i c s .  L ong-gra in  v a r i e t i e s  a re  th e  
h ig h e s t  in  amylose c o n te n t  (23 , 54, 79 ).  The te m p era tu re  o f  g e l a t i n i z a ­
t i o n  seems t o  be an index  o f  th e  ease  o f  cooking p o l i s h e d  r i c e  (72 ) .
High amylose r i c e  ab so rb s  more w a te r  and in c r e a s e s  more in  s i z e  d u r in g  
cooking  th a n  does low amylose r i c e .
Primo and co-w orkers  (52) dem onstra ted  t h a t  th e  p r o t e i n  c o n te n t  o f  
th e  o u te r  l a y e r  o f  cooked p o l i s h e d  r i c e  g ra in s  d i f f e r e d  among v a r i e t i e s  
and had a h ig h ly  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  to  c o h es iv e n ess .
Cooking tim e in c r e a s e s  w ith  p r o t e i n  c o n te n t .  The p r o t e i n  m a tr ix  around 
s t a r c h  g ra n u le s  i s  a  p h y s ic a l  b a r r i e r  t o  w a te r  a b so rp t io n  (8 ) .  Low p r o ­
t e i n  r i c e  i s  more t e n d e r ,  more co h es iv e  and o f  a sw e e te r  f l a v o r  than  
r i c e  w ith  h ig h e r  p r o t e i n  l e v e l s  (33 ) .
Many i n v e s t i g a t o r s  r e p o r t  t h a t  th e  th ic k n e s s  o f  th e  c e l l  w a l ls  o f  
th e  r i c e  endosperm cou ld  be an im p o r tan t  c o n s id e r a t io n  in  cooking 
q u a l i t y  s in c e  d i s i n t e g r a t i o n  o f  r i c e  g ra in s  w h ile  b e in g  cooked was 
l o c a l i z e d  and marked by t h i n  c e l l  w a l ls  and p r o t e i n  m a t r ic e s .  Water 
a b s o r p t io n  d u r in g  cooking  may th u s  be a fu n c t io n  o f  th e  s u r f a c e  a r e a  o f  
th e  k e rn e l  a s id e  from o t h e r  p hys iochem ica l c o n s id e r a t io n s  (31) .
The c h a r a c t e r i s t i c s  o f  th e  s t a r c h  a re  o f  th e  g r e a t e s t  im portance  
when c o n s id e r in g  th e  cooking  q u a l i t i e s  o f  r i c e .  Each ty p e  o f  s t a r c h ,  
i . e . ,  r i c e ,  c o rn ,  w h ea t,  p o t a t o ,  has s t a r c h  g ra n u le s  o f  a c h a r a c t e r i s t i c  
shape and s i z e .  These g ra n u le s  a re  o rg a n iz ed  in  d i s t i n c t  s p h e ru le s  
w i th in  parenchyma c e l l s .  According to  T ru b e l l  (7 5 ) ,  th e  r i c e  s t a r c h  
g ra n u le s  a re  th e  s m a l l e s t  o f  th e  s t a r c h e s  o f  commerce; t h e i r  s i z e s  range 
from 3 t o  8 m icrons . Only c e r t a i n ,  r a r e ,  noncommercial s t a r c h e s  have 
s m a l le r  g ra n u le s  th a n  r i c e  s t a r c h  (64) . The la r g e  r i c e  g ra n u le s  a re
about th e  same s i z e  a s ,  b u t  more a n g u la r  and s m a l le r  th a n ,  th o se  o f  
c o m .  They a re  po ly g o n a l  i n  shape and a re  sometimes found in  honey­
combed c l u s t e r s  o r  i n  compound g ra n u le s ,  th e  o u t l i n e  o f  th e  whole be ing  
e i t h e r  round o r  p o ly g o n a l .  S ta rc h  g ra n u le s  a re  d e p o s i te d  in  la y e r s  in  
th e  p l a n t  s to r a g e  a r e a .  T h is  p ro c e ss  i s  known as a p p o s i t io n  o r  th e  de­
p o s i t i n g  o f  th e  most r e c e n t  s t a r c h  on th e  o u ts id e  o f  th e  g ra n u le .  The 
g ra n u le  in c r e a s e s  in  s i z e  w ith  m a tu r i ty  and undergoes a p r o p o r t io n a t e  
i n c r e a s e  i n  l i n e a r  c o n te n t  (7 6 ) .  Because o f  th e  sm all s i z e  o f  th e  r i c e
g ra n u le ,  th e  c h a r a c t e r i s t i c  f e a tu r e s  such as th e  h ilum , s t r i a t i o n s  and
b i r e f r i n g e n c e  a r e  n o t  v e ry  d i s t i n c t .  The po lygona l shape o f r i c e  may be 
due to  c lo s e  pack in g  and com pression  o f  th e  s t a r c h  g ra n u le s  d u r in g  
g ra in  developm ent (3 0 ) .
Rice s t a r c h  i s  composed o f  g lu co se  in  polymers o f  two ty p e s .
This  was f i r s t  shown by Maquenne and Roux in  1904 (10) . Haworth and
Meyer l a t e r  e lu c i d a t e d  th e  s t r u c t u r e  o f  th e s e  compounds (1 6 ) .  One i s  a
s im ple  l i n e a r  c h a in  w ith  a lp h a  1 ,4 -a n h y d ro g lu c o s id ic  l in k a g e s  known as 
amylose. In  th e  o th e r  f r a c t i o n ,  known as am ylopec tin , th e  r e g u l a r i t i e s  
o f  th e  c h a in  a r e  i n t e r r u p t e d  w ith  f r e q u e n t  a lp h a  1 ,6 -a n h y d ro g lu c o s id ic  
b ra n c h in g .  The s y n th e s i s  o f  t h i s  s t a r c h  f r a c t i o n  in v o lv e s  a t r a n s f e r a s e  
r e g u la t in g  th e  p r o g r e s s iv e  co n d en sa tio n  o f  th e  g lucose  u n i t s  (62 , 65).
M olecu la r  s i z e  and shape g ive  h ig h  polymers o f  which th e  p ro p e r ­
t i e s  a re  v e ry  d i f f e r e n t  from th e  b a s i c  u n i t s . This  i s  ev idenced  by the  
a b i l i t y  o f  l i n e a r  ch a in s  to  a s s o c i a t e  i n  s t r o n g  in te r m o le c u la r  bonds and 
form in s o lu b le  p r e c i p i t a t e s , whereas th e  h ig h ly  b ranched  m olecule  i s  
l e s s  p rone  to  a s s o c i a t e  - I t s  p re se n c e  in  a m ix tu re  o f  s t a r c h  has a modi­
fy in g  in f lu e n c e  on p r e c i p i t a t i o n  o f  th e  s t a r c h  amylose (6 5 ) .
S ta rc h e s  a re  o f t e n  d iv id e d  i n t o  two g ro u p s , a cco rd in g  to  the
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p ro p o r t io n s  o f  th e  b ranched  and unbranched m o lecu les .  Those h igh  in  
amylose a re  term ed non-waxy, w h ile  th o s e  w ith  a  m inute amount a re  termed 
waxy. Waxy (o r  g lu t in o u s )  r i c e  c o n ta in s  only  m in is c u le  amounts (0 .8  to  
1.3%) o f  amylose which i s  p ro b a b ly  lo c a t e d  in  th e  c e n te r  o f  th e  g ranu le  
(30) .
The t e x t u r e  and appearance  o f  cooked r i c e  r e f l e c t  th e  r a t i o  o f  
th e  two s t a r c h  f r a c t i o n s .  I n c r e a s in g  th e  amylose c o n te n t  improves th e  
c a p a c i ty  o f  th e  s t a r c h  g ra n u le  t o  absorb  w a te r  and expand w ith o u t  c o l ­
l a p s in g .  T h is  e f f e c t  i s  due t o  th e  g r e a t e r  c a p a c i ty  o f  amylose to  form 
hydrogen bonds.
G e l a t i n i z a t i o n  i s  th e  p ro c e s s  by which th e  a p p l i c a t i o n  o f  h e a t  
and w a te r  r e s u l t  i n  h y d r a t io n  and i r r e v e r s i b l e  s w e l l in g  o f  th e  s t a r c h  
g ra n u le .  The s w e l l in g  may be a t t r i b u t e d  to  th e  chem ical h y d ro p h i l i c  
a f f i n i t y  o f  th e  hydroxy l groups o f  th e  s t a r c h  m olecu les  f o r  th e  s o lv e n t  
(4 0 ) .  The degree  o f  a s s o c i a t i o n  and th e  m o le c u la r  arrangem ent w i th in  
th e  c r y s t a l l i n e  m ic e l l e ,  which i s  l a r g e l y  th e  l i n e a r  f r a c t i o n ,  i s  r e ­
s p o n s ib le  f o r  m a in ta in in g  g ra n u le  i n t e g r i t y  d u r in g  sw e l l in g  (63) .
When s t a r c h  g ra n u le s  a r e  p la c e d  in  c o ld  w a te r  on ly  th e  amorphous 
re g io n  w i l l  ta k e  up w a te r .  T h is  i s  by loose  a s s o c i a t i v e  bonding which 
causes  a s w e l l in g  o f  abou t 10% to  15% (6 3 ) .
The r e l a t i v e  c o n c e n t r a t  ion  o f  amylose and am ylopectin  a re  o f  
paramount im portance  in  d e te rm in in g  th e  p hys iochem ica l p r o p e r t i e s  o f  
r i c e .  The amylose c o n te n t  o f  non-waxy, m i l le d  r i c e  may c o n s t i t u t e  7% to  
33%, b u t  waxy r i c e  has an amylose c o n te n t  o f  on ly  0.8% to  1.3% o f  i t s  
dry  w eigh t (30 ) .
S ta rc h  m olecu les  w i th in  a  g ra n u le  a re  n o t  d e p o s i te d  in  a uniform  
manner, b u t  r a t h e r  unevenly  w ith  th e  bonding fo rc e s  d i f f e r i n g  in
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d i f f e r e n t  a re a s  o f  th e  s t a r c h  g r a n u le s .  T h is  can be shown by th e  un­
eq u a l  r e s i s t a n c e  t o  a t t a c k  d u r in g  d i g e s t i o n  w ith  e i t h e r  a c id  o r  enzymes. 
C e r ta in  p a r t s  o f  th e  s t a r c h  m olecu le  a r e  th u s  b e l ie v e d  to  be in  a com­
p a c t ,  h ig h ly  o rd e re d  c r y s t a l l i n e  s t a t e .  The c r y s t a l l i n i t y  o f  th e  s t a r c h  
has  been  a s c r ib e d  to  t h e  amylose f r a c t i o n  by many i n v e s t i g a t o r s  (8 5 ) ;  
however, th e  c r y s t a l l i n i t y  has  a l s o  been r e p o r te d  to  be due m ainly  to  
t h e  am y lopec tin  m oiety  s in c e  g lu t in o u s  r i c e  a l s o  has an X-ray d i f f r a c ­
t i o n  p a t t e r n  i d e n t i c a l  to  t h a t  o f  n o n -g lu t in o u s  r i c e .
S ta rc h  g ra n u le s  a re  composed o f  s t a r c h  m o lecu les  a s s o c ia te d  by 
hydrogen bonding e i t h e r  d i r e c t l y  o r  th ro u g h  w a te r  h y d ra te  b r id g e s  which 
p roduce  a th re e -d im e n s io n a l  netw ork c o n t r o l l i n g  th e  b e h a v io r  o f  s t a r c h  
i n  w a te r .  T rea tm ent o f  an aqueous su sp e n s io n  o f  s t a r c h  w ith  h e a t  o r  
a p p r o p r ia t e  chem icals  weakens th e  netw ork w i th in  th e  g ra n u le s  by d i s r u p ­
t i o n  o f  th e  hydrogen b o n d in g s , th u s  p e r m i t t i n g  e a s i e r  p e n e t r a t i o n  o f  
w a te r  i n to  th e  g ra n u le s  and an i r r e v e r s i b l e  g ra n u le  s w e l l i n g ,  a p ro c e ss  
term ed g e l a t i n i z a t i o n  (40, 5 3 ) .
The g e l a t i n i z a t i o n  o f  s t a r c h  by h e a t i n g  i n  w a te r  o ccu rs  i n  th r e e  
d i s t i n c t  p h a s e s . In  th e  f i r s t  phase  w a te r  i s  s low ly  tak en  up , accom­
p a n ie d  by a  l im i t e d  s w e l l in g .  T h is  phase  i s  r e v e r s i b l e ,  a l lo w in g  th e  
s t a r c h  t o  be d r i e d  t o  th e  i n i t i a l  s t a t e  w i th  no obvious changes in  ap­
p ea ran ce  o r  b i r e f r in g e n c e  ( p o l a r i z a t i o n  c ro s s e s  when viewed under  a 
m icroscope in  p la n e ,  p o l a r i z e d  l i g h t )  o f  th e  s t a r c h  g r a n u le s . The second 
s ta g e  i s  c h a r a c t e r i z e d  by a sudden m any-fo ld  s w e l l in g  o f  th e  g ra n u le ,  
t a k in g  up a  g r e a t  d e a l  o f  m o is tu re  and a r a p id  lo s s  o f  b i r e f r i n g e n c e  
( lo s s  o f  b i r e f r in g e n c e  i s  th e  p r e f e r r e d  c r i t e r i o n  o f  g e l a t i n i z a t i o n  tem­
p e r a tu r e )  . T h is  second s t a g e  o ccu rs  i n  a r e l a t i v e l y  narrow te m p e ra tu re  
r a n g e . During th e  t h i r d  p h a s e , which o ccu rs  w ith  in c r e a s in g
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te m p e ra tu re ,  th e  g ra n u le s  become a lm ost fo rm les s  sac s  w ith  th e  more 
s o lu b le  p a r t  o f  th e  s t a r c h  b e in g  le ach ed  o u t .
With i n c r e a s in g  c r y s t a l l i n i t y  an in c r e a s e  in  g e l a t i n i z a t i o n  tem­
p e r a t u r e  i s  o b se rv ed . T h is  d e p re s se d  a b i l i t y  o f  th e  s t a r c h  m olecu les  to  
sw e ll  r e s u l t s  from a h ig h e r  d eg ree  o f  hydrogen bonding w ith  i t s  a s s o c i a ­
t i v e  fo rc e s  in c r e a s in g  th e  c r y s t a l l i n i t y  and th e  te m p e ra tu re  r e q u i r e d  
f o r  g e l a t i n i z a t i o n  (31) .
Meyer in  1942 (45) p roposed  m o le c u la r  r a d i a l l y  o r i e n t e d  bundles  
o r  " m ic e l l e s "  w i th in  th e  la y e r s  o f  t h e  g ra n u le ,  w ith  in te rm in g le d  and 
b ranched  m olecu les  r a d i a l l y  o r i e n t e d  tow ard  th e  h ilum  ( th e  b o ta n ic a l  
e c c e n t r i c  o r i g i n  o f  th e  g ra n u le )  and th e  a ld eh y d ic  te rm in a l s  p o in te d  
inw ard . The m ic e l le s  a r e  formed whenever l i n e a r  segments o f  th e  
b ranched  f r a c t i o n  o r  th e  l i n e a r  f r a c t i o n s  p a r a l l e l  each o th e r  and a s s o ­
c i a t e  by hydrogen bonding  betw een th e  hydroxy l groups on n e ig h b o r in g  
c h a in s .  A ch a in  i s  n o t  r e s t r i c t e d  t o  one bundle  b u t  may p a r t i c i p a t e  in  
s e v e r a l  m ic e l l e s ,  th u s  form ing th re e -d im e n s io n a l  l a t t i c e s  o f  m ic e l l e s .  
Between th e  lo o s e ly  o rg a n iz ed  re g io n s  o f  th e  m ic e l l e s  a r e  re g io n s  o f  
more amorphous and lo o se  c h a r a c t e r  where th e  c h a in s  c r i s s - c r o s s  randomly. 
These i n t e r m i c e l l a r  re g io n s  im p a r t  a degree  o f  e l a s t i c i t y  to  th e  g ran u le  
as  i s  r e f l e c t e d  by th e  r e v e r s i b l e  s w e l l in g  o r  a b s o r p t io n  o f  w a te r  (8 3 ) .  
This  arrangem ent o f  m i c e l l a r  and i n t e r m i c e l l a r  re g io n s  w ith  t h e i r  d i f ­
f e r i n g  deg rees  o f  o r g a n iz a t i o n  g ive  r i s e  to  th e  p o l a r i z a t i o n  c ro s s  and 
b e t a  X-ray d i f f r a c t i o n  spec trum  o f  th e  g ra n u le  (4 5 ) .
G e l a t i n i z a t i o n ,  p a s t i n g  c h a r a c t e r i s t i c s  and cooking b e h a v io r  o f  
th e  many v a r i e t i e s  o f  r i c e  can be l a r g e l y  e x p la in e d  by two f a c t o r s :
(1) th e  fo rm a tio n  o f  am y lo p ec tin  and amylose i n t o  m ic e l le s  w i th in  th e  
c r y s t a l l i n e  g ra n u le ,  and (2) t h e  p re se n c e  and p r o p e r t i e s  o f  th e  two
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s t a r c h  f r a c t i o n s  i n  t h e i r  p a r t i c u l a r  s p e c i a l  co n fo rm a tio n .
The degree  o f  b ran ch in g  in  each o f  th e  s t a r c h  polym ers accoun ts  
f o r  th e  d i f f e r e n c e  in  p h y s ic a l  p r o p e r t i e s  between amylose and amylo- 
p e c t i n .  Although amylose i s  g e n e r a l ly  c o n s id e re d  to  be a s t r a i g h t - c h a i n  
po lym er, i t  does b ranch  on o cca s io n .  Because o f  i t s  g r e a t e r  b ra n c h in g ,  
am y lopec tin  i s  a l a r g e r  m olecu le  than  am ylose. E xperim en te rs  u s in g  
l i g h t  s c a t t e r i n g  (p a s s in g  monochromatic l i g h t  th ro u g h  a s o l u t i o n  o f  
s t a r c h  and m easuring  t u r b i d i t y  by th e  an g le  o f  r e f r a c t i o n )  have d e t e r ­
mined th e  average  m o le c u la r  w eigh t o f  p o t a to  s t a r c h  amylose to  be 
61.9  x 10 w h ile  th e  averag e  m o lecu la r  w e igh t f o r  am ylopec tin  was 
636 x 10 (4 5 ) .  Both s t a r c h  polymers show c o n s id e ra b le  v a r i a t i o n  in
m o le c u la r  w eigh t.
The degree  o f  b ran ch in g  v a r i e s  c o n s id e ra b ly  in  s t a r c h .  Amylose 
b ra n c h in g  commonly v a r i e s  in  d eg ree  from 200 to  2000 g lu co se  u n i t s  de ­
pend ing  upon th e  p l a n t  s o u rc e ,  w h ile  am ylopectin  has d eg rees  o f  p o ly ­
m e r iz a t io n  ran g in g  ov e r  200,000 g lucose  u n i t s  (8 3 ) .  The average  len g th  
o f  th e  in d iv id u a l  b ran ch es  ranges  from 25 to  30 g lu co se  u n i t s  (6 5 ) .
Amylopectin forms s t a b l e  s o lu t io n s  i n  w a te r  b u t  amylose i s  on ly  
s l i g h t l y  s o lu b le  and w i l l  n o t  d i s s o lv e  d i r e c t l y  i n  w a te r .  Amylose must 
f i r s t  be s u b je c te d  to  d i l u t e  a l k a l i  t r e a tm e n t  (0.1N to  IN sodium o r  
p o ta ss iu m  hydrox ide) and th e n  n e u t r a l i z e d  b e fo re  i t  w i l l  d i s s o lv e  in  
w a te r .  Even a f t e r  such t r e a tm e n t  t u r b i d i t y  s e t s  in  and th e  amylose p r e ­
c i p i t a t e s  (20 ) .  The d i l u t e  a l k a l i n e  t r e a tm e n t  p ro b a b ly  io n iz e s  some o f  
th e  m ild ly  a c id i c  hydroxy l groups on th e  polymer (pK ap p ro x im a te ly  12), 
th u s  enhancing  th e  s o l u b i l i t y  o f  th e  polym er. Such a l k a l i n e  t r e a tm e n t  
i s , however, o f t e n  d e t r im e n ta l  s in c e  bo th  amylose and am ylopec tin  a re  
prone to  o x id a t iv e  d e g ra d a t io n  under such c o n d i t io n s  (20) .
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Unbranched amylose has a g r e a t e r  c a p a c i ty  to  form hydrogen bonds
th a n  am y lo p ec tin  (3 0 ) .  I t  i s  thus  more capab le  o f  a b so rb in g  w a te r  and
form ing w a te r  b r i d g e s .
When r e a c t e d  w i th  io d in e  amylose g ives  a s t r o n g  b lu e  c o lo r ,  w h ile  
am ylopec tin  g iv e s  a much weaker re d  c o lo r .  This  shows th e  t i g h t n e s s  
w ith  which io d in e  i s  bound (2 0 ) .  These r e s u l t s  i n d i c a t e  t h a t  a l th o u g h
b o th  polym ers a r e  h e l i c a l ,  amylose i s  a s t i f f  c o i l  w h ile  am y lopec tin  i s
a random c o i l .  The t i g h t n e s s  o f  th e  c o i l  accoun ts  f o r  am ylose’s poor 
s o l u b i l i t y  in  w a te r  b ecau se  few er s i t e s  a r e  a v a i l a b l e  th an  on th e  more 
f l e x i b l e  random c o i l  o f  am y lo p ec tin .  I t  has been p o s t u l a t e d  t h a t  th e  
t i g h t  amylose c o i l  i s  h e ld  by hydrogen bonding between th e  oxygen atoms 
o f  t h e  carbons  o f  a g lu c o se  o r  a  g lucose  re s id u e  and between oxygens on 
carbons  s i x  and two o f  g lu co se  u n i t s  in  n e ig h b o rin g  tu r n s  o f  th e  h e l i x  
( 20) .
The ap pearance  does n o t  change u n t i l  s u f f i c i e n t  h e a t  and w a te r  
a re  s u p p l ie d  t o  overcome th e  co h es iv e  fo rce s  o f  th e  in te r m o le c u la r  bonds 
o f  t h e  h ig h ly  h y d ro x y la te d  g lucose  polym ers. When t h i s  energy  i s  sup­
p l i e d  th e  g ra n u le s  sw e l l  and b e g in  to  lo se  t h e i r  p o l a r i z a t i o n  c r o s s ,  -with 
b o th  a c t i o n s  b e g in n in g  a t  th e  h ilum  and p ro g re s s in g  toward th e  g ra n u le  
p e r ip h e r y .  T h is  p o in t  i s  term ed g e l a t i n i z a t i o n  te m p e ra tu re  (8 3 ) .
G e l a t i n i z a t i o n  i s  b e l ie v e d  t o  s t a r t  in  th e  more a c c e s s ib l e  lo o s e ly  
bonded i n t e r m i c e l l a r  re g io n s  (4 0 ) ,  and to  be f a c i l i t a t e d  by th e  d i s s o c i a ­
t i o n  caused  by h e a t - im p a r te d  m otion (7 6 ) .  The i n t e r m i c e l l a r  reg io n s  
d i f f e r  in  t h e i r  degree  o f  a s s o c i a t i o n  i n  each g ran u le  o f  a s t a r c h ,  t h e r e ­
fo r e  a  s t a r c h  w i l l  g e l a t i n i z e  over a range o f  tem p e ra tu re  r a t h e r  than  a t  
one p o in t  ( u s u a l ly  a range  w i th in  10°C). S w elling  o f  th e  g ra n u le  a f t e r  
i n i t i a l  g e l a t i n i z a t i o n  r e s u l t s  in  th e  ev en tu a l  c o l la p s e  o r  ru p tu r e  o f
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some o f  th e  g r a n u le s ,  c a u s in g  d i s p e r s io n  o f  m o lecu le s ,  g r a n u la r  f r a g ­
m ents, and a s s o c i a t e d  m o lecu le s .
The amylose c o n te n t  has  a s u b s t a n t i a l  e f f e c t  on th e  sw e l l in g  be ­
h a v io r  and g e l a t i n i z a t i o n  because  o f  i t s  heavy h y d ro x y la t io n  and th e  
l i n e a r  a rrangem ent which a llow s  amylose ch a in s  to  approach one a n o th e r  
and s t r o n g ly  form hydrogen bonds. The te m p e ra tu re  o f  g e l a t i n i z a t i o n  i s  
e l e v a te d  s in c e  c o n s id e r a b le  energy  i s  n e c e s sa ry  t o  overcome th e s e  f o r c e s .  
In s t a r c h  c h em is try  i t  i s  g e n e r a l ly  ag reed  t h a t  th e  h ig h e r  th e  l i n e a r  
c o n te n t ,  th e  s t r o n g e r  th e  in te r m o le c u la r  a s s o c i a t i o n  w i th in  th e  g ran u le  
(6 5 ) ;  in  r i c e ,  however, th e  l i n e a r  c o n te n t  appears  t o  have no in f lu e n c e  
on g e l a t i n i z a t i o n  te m p e ra tu re  (3 2 ) .
S ta rc h e s  may be g e l a t i n i z e d  by s o lv e n t s  o th e r  th an  w a te r .  There 
a re  c o n s id e ra b le  d i f f e r e n c e s  in  th e  p o s s ib le  e x te n t  o f  g e l a t i n i z a t i o n  
and th e  c o n c e n t r a t io n  o f  s o lv e n t  n e c e s s a ry  f o r  g e l a t i n i z a t i o n .  Only low 
c o n c e n t r a t io n s  o f  sodium h ydrox ide  a r e  r e q u i r e d  i n  th e  g e l a t i n i z a t i o n  o f  
s t a r c h .  The c r i t i c a l  c o n c e n t r a t io n  f o r  g e l a t i n i z a t i o n  w ith  each s o lv e n t  
v a r i e s  w ith  th e  s p e c ie s  o f  s t a r c h  (40) .
S ta rc h  d e r i v a t i v e s  a r e  d e f in e d  as  ch em ica lly  m odif ied  su b s ta n c es  
in  which th e  chem ical s t r u c t u r e s  o f  g lucose  u n i t s  have been  a l t e r e d  (5 7 ) ,  
b u t  which r e t a i n  th e  i n t a c t  s t a r c h  m olecule  t o  an a p p re c ia b le  e x te n t .
S ta rc h  i n  i t s  n a t i v e  s t a t e  canno t be w ide ly  used  in  th e  food i n ­
d u s t r y .  Small changes in  th e  s t a r c h  m olecule  a re  r e q u i r e d  to  ex tend  th e  
u s e f u ln e s s  o f  s t a r c h  f o r  d i f f e r e n t  p u rp o se s .  I n d u s t r i a l  te ch n iq u es  used 
to  modify th e  c h a r a c t e r i s t i c s  o f  s t a r c h e s  in  th e  p a s t  35 y e a r s  have 
g iven  r i s e  t o  a number o f  d e r i v a t i v e s  to  improve t e x t u r a l  q u a l i t i e s , 
t h ic k e n in g  and s t a b i l i z i n g  p r o p e r t i e s  (8 3 ) .
V arious  ty p e s  o f  s t a r c h  d e r i v a t i v e s  such as s t a r c h  e s t e r s , e t h e r s ,
o x id iz e d  s t a r c h e s ,  and c ro ss -b o n d ed  s t a r c h e s  have been p re p a red  in  o rd e r  
to  modify d i f f e r e n t  c h a r a c t e r i s t i c s  o f  s t a r c h .  These d e r i v a t i v e s  a re  
c h a r a c t e r i z e d  by th e  n a tu r e  o f  t h e i r  chem ical m o d if ic a t io n  and t h e i r  
degree  o f  s u b s t i t u t i o n ,  which i s  th e  average  number o f  s u b s t i t u e n t s  p e r  
D -glucose u n i t .  Each o f  th e s e  g lu c o se  u n i t s  a long  th e  s t a r c h  cha in  has 
u n s u b s t i t u t e d  hyd roxy l groups on carbon  atoms 2 , 3 ,  and 6. The maximum 
p o s s i b l e  degree  o f  s u b s t i t u t i o n  i s  th u s  3 .0  f o r  each g lu co se  u n i t .  The 
s t a r c h  d e r i v a t i v e s  can th e n  be c h a r a c t e r i z e d  as hav ing  e i t h e r  a h igh  
(o v e r  2 .0  s u b s t i t u t i o n s  p e r  g lu c o s e ) ,  o r  a  low ( l e s s  th an  2 .0) degree  
o f  s u b s t i t u t i o n .
S u b s t i t u t i o n  o f  th e  hyd roxy l groups in  s t a r c h  w ith  e i t h e r  o rg a n ic  
o r  in o rg a n ic  r a d i c a l s  w i l l  y i e l d  s t a r c h  e s t e r s .  I t  i s  n e c e s sa ry  to  p r e ­
t r e a t  th e  s t a r c h  in  o r d e r  to  overcome th e  poor r e a c t i v i t y  o f  s t a r c h  
m o lecu les .  The n a tu r e  and co n fo rm a tio n  o f  th e  s t a r c h  g ra n u le  has a 
p ro found  e f f e c t  upon th e  chem ical r e a c t i v i t y  o f  th e  s t a r c h .  The c r y s ­
t a l  l i n i t y  r e s u l t i n g  from i n t e r -  and in t r a m o le c u la r  hydrogen bonding in  
s t a r c h  g ra n u le s  r e p r e s e n t s  a s s o c i a t i v e  fo r c e s  t h a t  s t r o n g ly  r e s i s t  th e  
p e n e t r a t i o n  o f  re a g e n ts  o f  low p o l a r i t y .  Many methods have been d e v e l­
oped f o r  d i s r u p t i n g  th e  n a t u r a l  compactness o f  th e  s t a r c h  g ra n u le s  in  
o r d e r  to  b r in g  th e  s t a r c h  i n t o  a r e a d i l y  e s t e r i f i a b l e  c o n d i t io n .  The 
b e s t  methods u se  a  s w e l l in g  o r  d i s o r g a n iz a t io n  o f  th e  s t a r c h  g ra n u le s  by 
re a g e n ts  which produce  l i t t l e  o r  no d e g ra d a t io n  o f  th e  s t a r c h  m olecule . 
Complete d e s t r u c t i o n  o f  th e  g ra n u le  i s  n o t  r e q u i r e d  f o r  improved r e a c ­
t i v i t y .
Numerous r e a g e n ts  such  as w a te r ,  a l c o h o l ,  aqueous p y r id i n e ,  
sodium p e ro x id e ,  h o t  g ly c e r o l ,  a l c o h o l i c  h y d ro c h lo r ic  a c id ,  85% phos­
p h o r ic  a c id ,  form ic  a c id ,  and o th e r  a c id s  have been employed fo r
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a c t i v a t i o n  o f  s t a r c h ,  b u t  w ith  a few e x c e p t io n s  most o f  th e s e  re a g e n ts  
cause  some d e g ra d a t io n  in  th e  s t a r c h , making them u n s u i t a b l e  f o r  t h i s  
use (81 ) .
The m a jo r i ty  o f  s t a r c h  d e r i v a t i v e s  a re  formed by r e l a t i v e l y  low 
le v e l s  o f  s u b s t i t u e n t  groups r e a c t i n g  w i th  th e  hydroxy l groups o f  th e  
unsw ollen  s t a r c h  to  p re v e n t  s i d e - b y - s i d e  a l ig n m en t o f  l i n e a r  m o le c u le s . 
Levels o f  from two to  t e n  s u b s t i t u t i o n s  p e r  hundred g lu co se  u n i t s  have 
been su g g es ted  as o p tim a l (40 , 6 3 ) .  With th e  u se  o f  m ild  r e a g e n t s , such 
as e p ic h lo ro h y d r in  o r  phosphorous o x y c h lo r id e ,  e t h e r  o r  e s t e r  b r id g e s  
a re  formed. Because o f  th e  low d eg ree  o f  s u b s t i t u t i o n  on th e s e  mole­
c u l e s ,  th e  s t a r c h  rem ains r e l a t i v e l y  unchanged b u t  th e  e f f e c t  upon i t s  
p h y s ic a l  p r o p e r t i e s  i s  p ro found . C r o s s - l i n k in g  s t r e n g th e n s  th e  g ran u le  
by r e i n f o r c i n g  th e  hydrogen bonding  o f  th e  m olecu les  d u r in g  co o k in g .
A common method o f  p r e p a r a t i o n  o f  d e r i v a t i v e s  o f  a  low degree  o f  
s u b s t i t u t i o n  i s  to  add a l im i t e d  q u a n t i t y  o f  th e  d e r i v a t i z i n g  agen t to 
uncooked s t a r c h  s l u r r i e d  i n  w a te r  c o n ta in in g  a s t r o n g  a l k a l i n e  s o lu t i o n  
and an in o rg a n ic  s a l t , and to  h o ld  th e  s l u r r y  a t  some te m p e ra tu re  below 
th e  g e l a t i n i z a t i o n  p o in t  u n t i l  t h e  r e a c t i o n  i s  com pleted . In  t h i s  t e c h ­
n iq u e ,  a s t ro n g  base  i s  u sed  as a c a t a l y s t  and a c t i v a t i n g  a g e n t .  A l­
though s t a r c h  g ra n u le s  can be c o m p le te ly  g e l a t i n i z e d  in  aqueous a l k a l i ,  
t h e  degree  o f  g ra n u le  s w e l l in g  depends upon th e  n a tu r e  o f  th e  s t a r c h ,  
th e  r e l a t i v e  amounts o f  s t a r c h ,  a l k a l i ,  and w a te r ,  th e  n a tu r e  o f  th e  
a l k a l i ,  and th e  p re sen c e  o r  absence  o f  n e u t r a l  s a l t s  which i n h i b i t  
g ra n u le  s w e l l in g  (84) .
In  aqueous a l k a l i n e  s l u r r i e s ,  most o f  th e  a l k a l i  i s  absorbed  by 
th e  s t a r c h  g r a n u le s . T h is  s u f f i c i e n t l y  enhances th e  r e a c t i v i t y  o f  th e  
r e s u l t i n g  a l k a l i - s t a r c h  complex to  en ab le  i t  t o  compete s u c c e s s f u l ly
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w ith  w a te r  i n  r e a c t i o n s  w ith  compounds s u b j e c t  to  n u c l e o p h i l i c  a t t a c k .
R e a c t iv i ty  o f  th e  s t a r c h  in  aqueous a l k a l i  i s  f u r t h e r  in c re a s e d  
by th e  a d d i t i o n  o f  n e u t r a l  s a l t s .  These s a l t s  s h i f t  th e  s t a r c h  a l k a l i  
a b s o r p t io n  e q u i l ib r iu m  such t h a t  a l k a l i n e  a b s o r p t io n  i s  in c re a s e d ,  
p ro b a b ly  by d e c re a s in g  th e  e f f e c t i v e  w a te r  c o n c e n t r a t io n  th rough  s o l ­
v a t io n  (56) .
D i f f e r e n t  o rg a n ic  and in o r g a n ic  s t a r c h  e s t e r s  have been e x te n ­
s i v e l y  i n v e s t i g a t e d ,  b o th  as to  manner o f  p r e p a r a t i o n  and to  p r o p e r t i e s  
o f  th e  s t a r c h  e s t e r s .  Of t h e s e ,  th e  s t a r c h  a c e t a t e s  have re c e iv e d  th e  
most a t t e n t i o n  because  o f  t h e i r  e a se  o f  p r e p a r a t i o n  and t h e i r  u s e f u l  
p r o p e r t i e s  in  th e  food and t e x t i l e  i n d u s t r i e s  (5 7 ) .  P y r id in e  i s  th e  
most commonly used  c a t a l y s t  f o r  th e  p r e p a r a t i o n  o f  s t a r c h  a c e t a t e s  w ith  
a  h ig h  degree  o f  s u b s t i t u t i o n .  The aqueous a l k a l i  method i s  th e  most 
c o n v en ie n t  way t o  p re p a re  s t a r c h  a c e t a t e s  w ith  a low d eg ree  o f  s u b s t i t u ­
t i o n .  In  b o th  o f  th e s e  methods a c e t i c  an h y d rid e  i s  th e  p r e f e r r e d  
a c e t y l a t i n g  a g e n t .  S ta rc h  may a l s o  be a c e t y l a t e d  by h e a t in g  w ith  r e l a ­
t i v e l y  sm all  amounts o f  g l a c i a l  a c e t i c  a c id ,  b u t  because  d i r e c t  e s t e r i -  
f i c a t i o n  le ad s  to  some d e g ra d a t io n  o f  s t a r c h  i t  i s  no t a  s u i t a b l e  way to  
p roduce  s t a r c h  a c e t a t e s  (57 , 82).
T his  same b a s i c  p ro c e d u re  can be used  t o  p roduce  low deg rees  o f  
s u b s t i t u t e d  d e r i v a t i v e s  o f  d i a b a s i c  a c id s  such as s u c c i n i c , which i s  
c ap a b le  o f  y i e l d i n g  a h a l f - e s t e r  w i th  a f r e e  ca rb o x y l g ro u p .
C aldw ell (10) r e p o r te d  t h a t  s t a r c h  g ra n u le s  a c e ty l a t e d  in  a l k a l i n e  
system s w ith  a c e t i c  anhydride  y i e l d  a  p ro d u c t  which r e a d i l y  absorbs  w a te r .  
R ober ts  (57) s i m i l a r l y  r e p o r t e d  t h a t  th e  i n t r o d u c t i o n  o f  carboxy l s u b s t i ­
t u t e d  e s t e r  groups in c re a s e d  th e  h y d r o p h i l i c  c h a r a c t e r  o f  s t a r c h  e s t e r s , 
e s p e c i a l l y  i n  a l k a l i n e  system s.
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R utledge e t  a l .  (61) p roposed  a te ch n iq u e  o f  s t r e n g th e n in g  s t a r c h  
g ra n u le s  by c r o s s - l i n k i n g  o r  r e i n f o r c i n g  th e  hydrogen bonding o f  th e  
m o lecu les .  T h is  te ch n iq u e  in v o lv e s  th e  use  o f  e p ic h lo ro h y d r in  to  
s t r e n g th e n  th e  i n t e r -  and in t r a m o le c u la r  bonds w i th in  th e  r i c e  k e rn e l  
in  canned r i c e .  Such t r e a tm e n t  improved cann ing  s t a b i l i t y  o f  r i c e  by 
re d u c in g  d i s t o r t i o n  o f  g r a i n s ,  i n c r e a s in g  r e s i s t a n c e  to  overcooking  and 
p ro d u c in g  78% low er s o l i d s  l o s s e s .
The use  o f  s u c c in a te  as a  s t a b i l i z i n g  group in  d e r iv in g  s t a r c h  
f r a c t i o n s  was p a te n t e d  in  1946 (3 4 ) .  The a p p l i c a t i o n  o f  s u c c in a te s  in  
im proving i n s t a n t  r i c e  was i n v e s t i g a t e d  by Yaghoubian (8 4 ) ,  who used 
s u c c in i c  anh y d rid e .
R oberts  e t  a l .  (60) found t h a t  c i t r i c  a c id  caused  r i c e  to  be tough 
o r  rubbery  when b o i l e d  in  0.01% to  0.1% c i t r i c  a c id  s o l u t i o n s .  C i t r i c  
a c id  i s  w ide ly  used  in  b r e a k f a s t  foods as a c h e la t in g  agen t to  i n a c t i ­
v a te  th e  c a t a l y t i c  e f f e c t s  on o x id a t io n  by t r a c e  m eta ls  such as i ro n  and 
copper (6 ) .
Rice P ro c e s s in g
During th e  cooking s t e p  th e  r i c e  may be p ro c e ssed  by any o f  sev ­
e r a l  methods t o  r a i s e  th e  te m p e ra tu re  above th e  g e l a t i n i z a t i o n  p o in t .  In 
many p ro c e s s e s  th e  q u a n t i t y  o f  w a te r  i s  l im i t e d  so  as n o t  to  s i g n i f i ­
c a n t l y  exceed th e  amount which th e  r i c e  can ab so rb .  A f te r  g e l a t i n i z a ­
t i o n  th e  e n t i r e  g r a in  sh o u ld  be t e n d e r  th ro u g h o u t and e a s i l y  crushed .
I t  shou ld  appea r  and t a s t e  l i k e  cooked r i c e  and be in c re a s e d  in  volume 
two o r  th r e e  t im es  o v e r  t h a t  o f  n onhydra ted  r i c e .
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Drying
The r i c e ,  a f t e r  hav ing  been cooked and g e l a t i n i z e d  and m o is tu r ­
iz e d  to  an e x te n t  com patib le  w ith  r e t a i n i n g  th e  s t a r c h  c e l l  w a l ls  and 
th e  i n t a c t  i d e n t i t y  o f  th e  r i c e  g r a in ,  may then  be t r e a t e d  in  any s u i t ­
a b le  manner to  reduce th e  m o is tu re  c o n te n t .  Drying i s  most commonly 
accom plished  by s u b je c t in g  th e  g ra in s  t o  a i r  d ry in g  u n t i l  a s t a b l e  mois­
tu r e  c o n te n t  o f  between 10 and 14% t o t a l  m o is tu re  i s  reach ed . The d ry ­
in g  te m p e ra tu re  i s  n o t  c r i t i c a l .  A l t e r n a t e l y ,  th e  r i c e  g ra in s  may be 
c h i l l e d  and th en  s u b je c te d  to  a h o t  a i r  b l a s t .  I t  i s  p r e f e r r e d  t h a t  
th e  a i r  b l a s t  be fo rce d  th ro u g h  th e  spaces  between th e  g ra in s  o f  th e  
r i c e  so t h a t  th e  m o is tu re  o f  each g r a in  i s  reduced  s im u l ta n e o u s ly .  This 
a llow s f o r  uniform  d e h y d ra t io n  th ro u g h o u t  th e  g r a in s  o f  r i c e  w ith o u t  
c o l l a p s in g  th e  c e l l  w a l ls  (15 ) .
G en era l ly  th e  d e h y d ra t io n  fo l lo w in g  th e  cooking and r i n s i n g  s te p s  
i s  n o t  c r i t i c a l  i f  th e  p r e t r e a tm e n t  ( th e  f i s s u r i n g  a n d /o r  i n i t i a l  h y d ra ­
t io n )  and cooking o f  th e  g ra in s  has been  c a r r i e d  ou t to  ach iev e  maximum 
g e l a t i n i z a t i o n  o f  th e  r i c e .  U su a lly  r i c e  i s  d r i e d  on b e l t  d r i e r s  where 
th e  cooked r i c e  i s  loaded  t o  a dep th  o f  about one in c h .  Humidity and 
te m p e ra tu re  a re  c o n t r o l l e d  a t  d i f f e r e n t  l e v e l s  f o r  d i f f e r e n t  s e c t i o n s  o f  
th e  d r i e r .  The o b je c t  o f  e f f e c t i v e  d ry in g  i s  to  remove th e  p a r t i c l e  
w a te r  from th e  s u r fa c e  o f  th e  g r a in  a t  a r a t e  which w i l l  minimize case -  
h a rd e n in g  and w i l l  a l s o  p e rm it  w a te r  t o  d i f f u s e  r a p i d l y  from th e  i n t e r i o r  
s u r f a c e s  w h ile  keeping s h r in k a g e  to  a minimum. S e v e ra l  p ro ced u res  a re  
used  in  th e  in d u s t ry  to  in s u r e  un ifo rm  d ry in g  th ro u g h o u t  th e  bed (15 ) .  
O ther  d ry in g  te ch n iq u es  a re  used  which im p ar t  a po rous  s t r u c t u r e  to  th e  
g ra in s  and th u s  p e rm it  r a p id  d i f f u s i o n  o f  w a te r  to  th e  s u r f a c e .  This i s  
accom plished  by p u f f in g  and o th e r  expans ion  p r o c e s s e s .
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Minute R ice , m arketed  by G eneral Foods, was th e  f i r s t  convenience 
r i c e  on th e  m arket. I t  u t i l i z e d  th e  O za i-D u rran i  p a t e n t  (46) whereby 
raw m i l le d  w h ite  r i c e  was soaked in  w a te r  a t  room te m p e ra tu re  to  in c re a s e  
th e  m o is tu re  c o n te n t .  Water a b s o r p t io n  in  r i c e  i s  maximal a t  e le v a te d  
te m p e ra tu re s ,  th u s  modern p ro c e s s e s  soak a t  65° to  75°C f o r  25 t o  27 
m in u te s .  The r i c e  i s  then  cooked a t  95° to  100°C f o r  12 to  14 m inutes 
t o  in c r e a s e  th e  m o is tu re  c o n te n t  to  65 to  70%. The r i c e  i s  d ra in e d ,  
co o led  and washed w ith  co ld  w a te r  f o r  one to  2 m in u tes .  Drying c o n d i­
t i o n s  a re  c r i t i c a l  w ith  m o is tu re  b e in g  removed more r a p i d l y  from th e  
s u r f a c e  th a n  th e  r a t e  o f  d i f f u s i o n  from th e  i n t e r i o r  to  th e  s u r f a c e .  A 
fo rc e d  a i r  d r i e r  i s  u t i l i z e d  w ith  an i n l e t  te m p e ra tu re  o f  140°C and an 
a i r  v e l o c i t y  o f  200 f e e t  p e r  m inute t o  d ry  th e  r i c e  to  a f i n a l  m o is tu re  
c o n te n t  o f  8 t o  14%. The i n i t i a l  h ig h  te m p e ra tu re  cau ses  a f a s t  m o is tu re  
removal from th e  s u r f a c e ,  p r e v e n t in g  sh r in k a g e  and prom oting  a porous 
s t r u c t u r e  in  th e  k e r n e l s .  The r e s i d u a l  m o is tu re  i s  removed w ith 
g ra d u a l ly  d e c re a s in g  te m p e ra tu re s .  Some h a rd  u n g e l a t in i z e d  p a r t s  r e ­
mained a t  th e  c e n te r  o f  th e  k e rn e l  o f  th e  e a r l y  Minute R ice , which a f t e r  
add ing  b o i l i n g  w a te r  r e q u i r e d  10 to  15 m inutes  to  be co m ple te ly  cooked 
and ready to  s e r v e .
Numerous improvements on t h i s  p ro ce d u re  have been i n s t i t u t e d  by 
d i f f e r e n t  i n v e s t i g a t o r s ,  thus  re d u c in g  th e  p r e p a r a t i o n  tim e and improv­
in g  th e  q u a l i t y  o f  th e  f i n i s h e d  p ro d u c t .  The 1956 D urran i B asic  P rocess
(47) u t i l i z e s  a p r e g e l a t i n i z e d  r i c e  w ith  a m o is tu re  c o n te n t  o f  from 30 
to  70%. This  p r e g e l a t i n i z e d  r i c e  i s  th e n  p re s s e d  and d r i e d  to  a 10 to  
14% m o is tu re  c o n te n t .  S e l t z e r  a l s o  has  p a t e n t s  f o r  th e  p r e p a r a t io n  o f  a 
q u ick -co o k in g  r i c e  by p r e s s in g  p r e g e l a t i n i z e d  r i c e  (66, 67 ). The r i c e  
p re p a re d  by th e s e  methods i s  d r ie d  t o  a g la s s y  t e x t u r e  r a t h e r  th an  a
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porous one. T h is  ty p e  o f  r i c e  i s  most commonly used  in  d ry  soup mixes 
w ith  th e  p ro c e ss  b e in g  m o d if ied  to  g ive  th e  r i c e  th e  c h a r a c t e r i s t i c s  o f  
h y d ra t io n  n e c e s sa ry  f o r  th e  p a r t i c u l a r  p ro d u c t  u sag e .
A ttem pts have been made by numerous i n v e s t i g a t o r s  t o  f a c i l i t a t e  
and d e c re a se  th e  soak ing  and cooking o p e r a t io n s  by p ro d u c in g  sm all 
c rack s  th ro u g h o u t  th e  k e rn e ls  p r i o r  t o  soak in g  o r cooking (68).
The General Foods F is s u re d  Rice P rocess  was p a te n t e d  by H o l l i s  e t  
a l .  (24) in  1958. In  t h i s  p ro c e ss  th e  raw m i l le d  r i c e  was s u b je c te d  to  
h e a t in g  in  dry  a i r  a t  93°C f o r  15 m inutes  to  produce numerous sm all 
c ra ck s  o r  f i s s u r e s  ex ten d in g  inw ard from th e  s u r f a c e s  o f  th e  g r a in .  The 
g ra in s  were th en  p a r t i a l l y  cooked in  w a te r  a t  92°C f o r  11 m inutes  to  
p ro v id e  a l a y e r  o f  g e l a t i n i z e d  s t a r c h .  This  l a y e r  o f  g e l a t i n i z e d  s t a r c h  
r e t a i n s  th e  i n t e g r i t y  o f  th e  g r a in  d u r in g  th e  subsequen t s team -cook ing . 
A lso  by d i s c o n t in u in g  w a te r  cooking  a t  a p o in t  s h o r t  o f  s u r f a c e  o v e r ­
cooking th e  u s u a l  lo s s e s  due t o  e x c e s s iv e  s w e l l in g  and b u r s t i n g  o f  the  
s t a r c h  g ra n u le s  on th e  s u r f a c e  o f  th e  g r a in  a r e  p re v e n te d .  The g ra in  i s  
su b se q u e n tly  steamed a t  a tm ospheric  p r e s s u r e  f o r  10 m in u tes .  Th is  sup­
p l i e s  th e  h e a t  r e q u i r e d  to  com plete g e l a t i n i z a t i o n  o f  th e  s t a r c h  th ro u g h ­
o u t  th e  g r a in  w h ile  c o n t r o l l i n g  th e  amount o f  w a te r  a v a i l a b l e  t o  th e  
s t a r c h ,  th u s  c o n t r o l l i n g  th e  b u r s t i n g  o f  s t a r c h  g ra n u le s .  The cooked- 
steam ed r i c e  i s  washed w i th  c o ld  w a te r ,  d ra in e d  and d r i e d  by p a ss in g  i t  
th ro u g h  a fo rc e d  a i r  d r i e r  a t  121°C and a v e l o c i t y  o f  175 f e e t  p e r  m inute . 
Because o f  i t s  g r e a t e r  s i z e ,  un ifo rm  and com plete g e l a t i n i z a t i o n ,  and 
g r e a t e r  p o r o s i t y ,  t h i s  r i c e  p ro d u c t  i s  s u p e r io r  upon r e h y d ra t io n  to  any 
such  p ro d u c t  produced  a t  an e a r l i e r  t im e .
The G eneral Foods S tepw ise  H ydra tion  and Cooking P rocess  p a te n te d  
by Flynn and H o l l i s  (17) was a n o th e r  a t te m p t  to  produce a po rous  dry
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p ro d u c t .  The p r i n c i p a l  s t e p s  in  t h i s  p ro c e ss  com prise h e a t in g  p a r t i a l l y  
h y d ra te d  r i c e  in  th e  absence o f  w a te r  to  cause p a r t i a l  g e l a t i n i z a t i o n  o f  
th e  s t a r c h ;  then  f u r t h e r  h y d ra t in g  o f  th e  r i c e  to  in c r e a s e  i t s  m o is tu re  
c o n te n t  and cause p a r t i a l  en largem ent o f  th e  g r a in s ,  w h ile  h e a t in g  to  
com plete  g e l a t i n i z a t i o n .  The r i c e  i s  then  d r i e d  to  a s t a b l e  m o is tu re  
c o n te n t  under  c o n d i t io n s  such as to  r e t a i n  a t  l e a s t  a s u b s t a n t i a l  p a r t  
o f  th e  en largem ent o f  th e  wet g ra in s  and to  produce a dry porous 
s t r u c t u r e .
S e v e ra l  i n v e s t i g a t o r s  have a t te m p ted  to  produce a s u i t a b l e  x- 
panded volume p r e g e l a t i n i z e d  r i c e  as a q u ick -co o k in g  r i c e  (18, 59, 78). 
The main p ro ced u re  i n  a l l  cases  u t i l i z e s  a h o t  medium (150° to  260°C, 
o r  h ig h e r )  such as a i r  o r  o i l  to  p u f f  th e  p r e g e l a t i n i z e d  dry  s ta r c h y  
k e rn e l  o f  r i c e  (53 ) .  P roduc ts  p re p a re d  by t h i s  p ro ced u re  a re  u s u a l ly  
ve ry  l i g h t  and c r i s p ,  and when h y d ra te d  in  w a te r  y i e l d  a mushy and 
s l i g h t l y  o f f - c o l o r  r i c e  w ith  an a t y p i c a l  f l a v o r .  They a re  used  as 
b r e a k f a s t  c e r e a l s  o r  in  th e  p r e p a r a t io n  o f  f la v o re d  r i c e  d i s h e s ,  o r  
c a s s e r o l e - ty p e  p ro d u c ts .
An e f f e c t i v e  h e a t  expansion  method was developed  by Wayne (78 ) .
In  t h i s  p ro c e ss  m o is t ,  g e l a t i n i z e d  g ra in s  a re  i n j e c t e d  in to  a f l u i d i z i n g  
gas s t re am  which i s  m a in ta in ed  a t  a s u f f i c i e n t  tem p e ra tu re  to  v a p o r iz e  
and cause  escape  o f  m o is tu re  from g ra in s  and th u s  expand them. The gas 
s tream  has s u f f i c i e n t  v e l o c i t y  t o  c a r ry  th e  expanded g ra in s  to  th e  t e r ­
minus o f  th e  gas s tre am  and th u s  to  s e p a r a te  th e  expanded g ra in s  from 
th e  unexpanded g r a in s .  The degree  o f  expansion  o f  r i c e  i s  due to  th e  
fo rm a tio n  o f  s team  from th e  m o is tu re  w i th in  th e  r i c e  k e r n e l ,  and may be 
c o n t r o l l e d  by a d ju s t i n g  th e  te m p e ra tu re  o f  th e  f l u i d i z i n g  gas s tream .
G un-puff ing  (18) can be used  to  produce a q u ick -co o k in g  r i c e
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p ro d u c t  p ro v id e d  t h a t  th e  degree  o f  en largem ent i s  no more than  t h a t  e f ­
f e c te d  by th e  normal cooking p ro ced u re  (2 to  3 t im es  i t s  o r i g i n a l  s i z e ) . 
G un-pu ff ing  i s  dependent upon th e  te rm in a l  te m p e ra tu re  and m o is tu re  con­
d i t i o n s  ( th o se  c o n d i t io n s  j u s t  p r i o r  t o  r e l e a s e  o f  p r e s s u r e )  a t  which 
p o in t  th e  vapor p r e s s u r e  o f  th e  k e rn e l  co rresponds  to  t h a t  o f  s a t u r a t e d  
steam . The g r a in  p u f f s  when th e  p r e s s u r e  i s  r e l e a s e d  a l lo w in g  t h i s  
vapo r t o  expand.
R ober ts  (59) p a te n t e d  an expanded r i c e  produced  by h y d ra t in g  the  
r i c e  to  an e q u i l ib r iu m  m o is tu re  l e v e l  in  warm w a te r  (up to  65°C ), f o l ­
lowed by p r e s s u r e  cooking th e  r i c e  in  steam  u n t i l  com ple te ly  g e l a t i n i z e d .  
Th is  cooked r i c e  i s  then  d r ie d  a t  a low tem p era tu re  (35° to  100°C) to  a 
m o is tu re  c o n te n t  o f  from 8 to  14% b e fo re  i t  i s  s u b je c te d  to  a b l a s t  o f  
h o t  a i r  (200° to  260°C) cau s in g  r a p id  e x p u ls io n  o f  r e s id u a l  m o is tu re  and 
th e  r e s u l t a n t  p u f f in g  o f  g ra in s  to  about fo u r  tim es t h a t  o f  th e  o r i g i n a l  
w h ite  r i c e .
Carman and A l l i s o n  (12 ,13) d e sc r ib e d  vacuum chambers to  expand 
th e  r i c e  volume and produce a porous s t r u c t u r e  f o r  a q u ick -co o k in g  r i c e .  
Raw w h ite  r i c e  i s  c o n d i t io n e d  t o  a m o is tu re  c o n te n t  o f  from 20 t o  22% 
and steam ed in  a reduced  p r e s s u r e  chamber (1 .5  inches  o f  H g), u n t i l  th e  
r i c e  i s  co m p le te ly  cooked. The p r e s s u r e  i s  th e n  q u ic k ly  r e l e a s e d ,  th row ­
in g  th e  r i c e  i n t o  an expansion  chamber which has a reduced  p r e s s u r e  o f 
about 0 .1  in c h es  o f  Hg. This  causes  th e  expansion  o f  th e  r i c e .  The 
vacuum i s  th en  r e l e a s e d  and th e  p ro d u c t  i s  d is c h a rg e d .  The p u f fe d  p ro ­
d uc t i s  th en  d r i e d  t o  below 15% m o is tu re  c o n te n t .  The f in i s h e d  p ro d u c t  
can be cooked and se rv e d  in  about f i v e  m in u te s ,  b u t  i s  n o t  com m ercially  
s u c c e s s f u l  in  th e  U nited  S t a t e s .
D ry -h ea t t r e a tm e n t  has been used by d i f f e r e n t  companies to
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produce a q u ic k -co o k in g  r i c e  which can be p re p a re d  and se rv ed  in  10 to  
15 m in u te s .  In  t h i s  method raw w h ite  o r  brown r i c e  i s  exposed t o  e i t h e r  
c i r c u l a t i n g  a i r  a t  57° t o  82°C y i e l d i n g  a p ro d u c t  t h a t  can be cooked in  
10 m in u te s ,  o r  t o  c i r c u l a t i n g  a i r  a t  about 270°C which p roduces  a chalky  
and p ro b a b ly  d e x t r i n i z e d  r i c e  endosperm w ith  some d eg ree  o f  s w e l l in g .
T h is  can be p re p a re d  f o r  s e r v in g  in  15 m inutes  (58 ) .
An e f f e c t i v e  developm ent i n  commercial q u ick -co o k in g  r i c e  p roduc­
t i o n  in v o lv e d  th e  e x t r a  s t e p  o f  f r e e z e - th a w in g ,  which r e s u l t e d  in  a s u c ­
c e s s f u l  p ro d u c t  in  th e  U n ited  S t a t e s .  In  t h i s  method r i c e  i s  s te e p e d ,  
cooked, and may be steam ed to  b r in g  th e  r i c e  s t a r c h  t o  com plete g e l a t i n i ­
z a t i o n ,  washed w i th  an ex ce ss  amount o f  c o ld  w a te r  to  coo l i t  and p re v e n t  
s e l f - c o o k in g ,  d ra in e d  and f r o z e n .  F re e z in g  must be slow in  o rd e r  t o  i n ­
s u re  th e  fo rm a tio n  o f  l a r g e  i c e  c r y s t a l s  which b reak  down th e  c o l l o i d a l  
s t a r c h  s t r u c t u r e  and p roduce  a porous k e r n e l .  B efore  d ry in g ,  thaw ing a t  
room te m p e ra tu re  p re v e n ts  th e  g r a in s  from ad h er in g  t o g e t h e r ,  and th u s
y i e l d s  a h ig h  q u a l i t y  p ro d u c t .  The thawed r i c e  i s  th en  d r i e d  to  a m ois­
t u r e  c o n te n t  o f  8%. T h is  p ro c e s s  was d e s c r ib e d  by K en ea s te r  and Newlin 
i n  t h e i r  p a t e n t  o f  November 19, 1957 (34 ) .
A s i m i l a r  method was p a te n t e d  by O za i-D u rran i on June 15, 1965
(4 8 ) .  In  t h i s  p ro c e ss  th e  r i c e  i s  cooked u n t i l  co m ple te ly  g e l a t i n i z e d  
and th e n  r a p id ly  f r o z e n .  An expans ion  occu rs  in  th e  in d iv id u a l  s t a r c h  
c e l l s  which cau ses  th e  c e l l  w a l l s  to  r u p tu r e  somewhat and be more amenable 
t o  subsequen t r e h y d r a t io n .  The f ro z e n  r i c e  i s  then  s u b je c te d  to  a con­
t r o l l e d  thaw ing t r e a tm e n t  such  t h a t  th e  w a te r  in  th e  r i c e  i s  s low ly  
thawed and a llow ed  to  re a b so rb  in  th e  g r a in s  b u t  n o t  be s e p a r a te d  from 
th e  g r a in s .
T h is  c o n t r o l l e d  r a t e  o f  thaw ing i s  th e  e s s e n t i a l  f e a t u r e  o f  th e
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p r o c e s s .  I f  th e  r a t e  o f  thaw ing i s  no t c o n t r o l l e d  and i s  p e rm i t te d  to  
p ro ceed  a t  a r a t e  more r a p id  th a n  t h e  r i c e  g ra in s  w i l l  absorb th e  
m e lted  i c e ,  th e  g r a in s  w i l l  s h r i n k ,  th e re b y  lo s in g  volume and c o l l a p s in g  
i n t o  f l a t  g r a i n s . I f  th e  c o n t r o l l e d  thaw ing t r e a tm e n t  i s  s u c c e s s f u l , 
th e  expanded c o n d i t io n  o f  th e  r i c e  g r a in s  i s  r e t a i n e d  on thaw ing . A f te r  
th e  w a te r  i s  c o m p le te ly  thawed and re a b so rb e d  by th e  g r a in s ,  th e  r i c e  i s  
d r i e d  by o rd in a ry  a i r  d ry in g .
A very  h ig h  q u a l i t y  i n s t a n t  r i c e  can be produced by f r e e z e - d r y in g .  
In  t h i s  p r o c e s s ,  p a t e n t e d  by Wayne i n  1963 (13 , 77 ) ,  g e l a t i n i z e d  r i c e  i s  
s u b je c te d  to  a f r e e z i n g  o p e r a t io n  a t  a te m p e ra tu re  s u f f i c i e n t l y  low and 
f o r  a  p e r io d  s u f f i c i e n t  t o  f r e e z e  t h e  i n t e r s t i t i a l  w a te r  and th e  g e l -  
bound w a te r  as i c e .  The f ro ze n  g e l a t i n i z e d  r i c e  i s  s u b je c te d  to  a sub­
l im a t io n  o p e ra t io n  u n d e r  th e  dynamic c o n d i t io n s  o f  a vacuum, o r  w h ile  
s u b je c te d  to  th e  d ry in g  a c t i o n  o f  a i r  o r  o th e r  low hum id ity  gases  b e ­
tween th e  f r e e z in g  p o i n t  o f  g e l a t i n i z e d  r i c e  (26° to  28°F) and 32°F, 
u n t i l  o n e - t h i r d  t o  o n e - h a l f  o f  th e  i c e  as  i c e  vapor i s  removed le a v in g  
vo id s  o r  p o re s  in  t h e  r i c e .  In  te rm s o f  tim e and expense i t  i s  no t eco ­
nomical to  remove a l l  o f  t h e  bound w a te r  by su b l im a t io n .  A f te r  p a r t i a l  
removal o f  th e  i n t e r s t i t i a l  w a te r  and th e  gel-bound  w a te r  by s u b l im a t io n ,  
th e  r e s u l t i n g  r i c e  p ro d u c t  i s  s u f f i c i e n t l y  dry and f r e e - f lo w in g  to  p e r ­
m it i t s  h a n d l in g  by a d ry in g  o p e r a t io n .  The r e s id u a l  m o is tu re  i s  r e ­
moved in  h o t  a i r  c u r r e n t s  (300° t o  600°F) w ith  c o n t r o l l e d  hum id ity  to  
av o id  browning. T h is  p roduces  a lm o s t  i n s t a n t  f l a s h in g  and expansion  o f  
th e  m o is tu re  w i th in  th e  p ro d u c t ,  some o f  which escapes  as su p e rh ea ted  
w a te r  vapo r  and le a v e s  f u r t h e r  v o id s  o r  p o re s  w i th in  th e  p ro d u c t .
Gorozpe (27) p a te n t e d  a method o f  p roduc ing  a r i c e  p ro d u c t  by 
c o n t r o l l i n g  th e  r a t e  and degree  o f  g e l a t i n i z a t i o n  a t  every  s te p  o f
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m anufacture . Rice g r a in s  a r e  h y d ra te d  in  w a te r  below th e  g e l a t i n i z a t i o n  
tem p e ra tu re  (ap p ro x im a te ly  55°C) u n t i l  th e  r i c e  i s  s a t u r a t e d  w ith  m ois­
tu r e  . H ydra tion  i s  c o n t in u e d  i n t e r m i t t e n t l y  w h ile  m a in ta in in g  th e  tem­
p e r a tu r e  o f  each l a y e r  o f  t h e  r i c e  g r a in  above th e  g e l a t i n i z a t i o n  p o in t  
u n t i l  t h a t  l a y e r  o f  t h e  r i c e  g r a in  i s  g e l a t i n i z e d .  This  e l im in a te s  over-  
g e l a t i n i z a t i o n  o f  th e  p o r t i o n s  a l r e a d y  g e l a t i n i z e d .
Chemical T r e a tm e n ts : One o f  th e  p r i n c i p a l  p h y s ic a l  m o d if ic a t io n s
o f  r i c e  produced  by most o f  t h e  methods th u s  f a r  developed  i s  t h a t  o f  
g e l a t i n i z i n g  th e  s t a r c h  by th e  a p p l i c a t i o n  o f  h e a t , w ith  a g radua l i n ­
c re a se  in  m o is tu re  c o n te n t  t o  abou t 70%. Hot w a te r ,  s team , d i e l e c t r i c ,  
i n f r a r e d ,  o r  microwave t r e a tm e n ts  have  been  a p p l ie d  as th e  therm al 
so u rce .  C e r t a in  chem ical t r e a tm e n t s  can a l s o  be  used  to  g e l a t i n i z e  
s t a r c h e s . In  v a r io u s  i n v e s t i g a t i o n s  o f  th e  a p p l i c a t i o n  o f  chemical 
t r e a tm e n t  t o  p ro d u c in g  q u ic k -c o o k in g  r i c e ,  few p ro c e s s e s  have been 
p a te n te d .
Lewis e t  a l . (41) used  a s a t u r a t e d  sodium c h lo r id e  s o lu t i o n  a t  
80°C which p a r t i a l l y  g e l a t i n i z e s  th e  r i c e .  T h is  t r e a tm e n t  reduces  the  
cooking time o f  th e  d ry  p ro d u c t  and in c r e a s e s  i t s  r e s i s t a n c e  to  vermin 
and m ic ro b ia l  a t t a c k .
Tanaka and Yukami (73) soaked  r i c e  i n  a  s o l u t i o n  c o n ta in in g  0.05 
t o  0.5% phospha tes  o r  p o ly p h o s p h a te s , 0 .3  t o  10% s a c c h a r id e  ( l a c t o s e ) , 
and a  0.25% s u r f a c t a n t  (g ly c e r o l  m o n o s te a ra te )  u n t i l  th e  r i c e  was about 
70% g e l a t i n i z e d  w i th  a m o is tu re  c o n te n t  o f  from 50 t o  70%, then  steamed 
to  complete g e l a t i n i z a t i o n  and r a p i d l y  d r i e d .  The f in i s h e d  p ro d u c t  i s  
s a id  to  recook i n  f i v e  m in u te s .
28
N u t r i e n t s  in  Rice and Enrichm ent
M i l l in g ,  s team ing  and d ry in g  o f  c e r e a l  g r a in s  such as r i c e  remove 
much o r  a l l  o f  th e  n a t u r a l l y  o c c u r r in g  n u t r i e n t s .  T h e re fo re ,  th e  com­
m e rc ia l  r i c e  s o ld  i n  t h e  superm arke t i s  commonly e n r ic h e d  w ith  v i tam in s  
and m in e r a l s .
Data on th e  com posit ion  o f  r i c e  and r i c e  p ro d u c ts  were p u b l is h e d  
by Watt and M e r r i l  (76) and McCall e t  a l .  (4 2 ) .  A com prehensive t a b u la -  
1a t i o n  o f  c o m p o s i t io n a l  d a ta  f o r  r i c e  was com piled  by J u l i a n o  (2 9 ) ,  t o ­
g e th e r  w i th  an e x te n s iv e  b ib l io g r a p h y  o f  a r t i c l e s  from which th e  d a ta  
were ta k en .
Summaries o f  v i ta m in  c o n te n t  o f  r i c e s  were com piled by th e  Food 
and A g r ic u l tu r e  O rg a n iz a t io n  (1 9 ) ,  McCall and co-w orkers  (4 3 ) ,  J u l i a n  o 
(2 9 ) ,  Kik (3 5 ) ,  and Kik and W illiam s (3 8 ) .
The p r o t e i n  c o n te n t  and amino a c id  p r o f i l e  o f  r i c e  and r i c e  p ro ­
du c ts  were rev iew ed by Houston and K ohler (2 5 ) .
S tu d ie s  by J u l i a n o  and co-w orkers  (31) r e v e a le d  t h a t  th e  p r o t e i n  
c o n te n t  o f  ro u g h , brown and m i l l e d  r i c e  v a r i e d  s i g n i f i c a n t l y  among v a ­
r i e t i e s .  The A sian v a r i e t i e s  were g e n e r a l ly  o f  lower p r o t e i n  c o n te n t  
th a n  th o se  v a r i e t i e s  p la n te d  in  th e  U nited  S t a t e s ,  w ith  one e x c e p t io n  in  
th e  f i r s t  c rop  and one e x c e p t io n  in  th e  second c ro p .  They a l s o  p o in te d  
o u t  a d i f f e r e n c e  o f  some 4% i n  p r o t e i n  c o n te n t  o f  th e  same v a r i e t y  o f  
r i c e  p l a n t e d  in  d i f f e r e n t  s e a s o n s .
McCall e t  a l .  (43) i n v e s t i g a t e d  th e  in f lu e n c e  o f  v a r i e t y  and en­
v ironm ent o f  growth on th e  p h y s ic a l  and chem ical com position  o f  d i f f e r ­
e n t  r i c e  v a r i e t i e s .  They r e p o r t e d  t h a t  b o th  v a r i e t y  and environm ent had 
a  h ig h ly  s i g n i f i c a n t  in f lu e n c e  on y i e l d s  o f  m i l l i n g  and an a tom ica l f r a c ­
t i o n s  o f  rough r i c e  and th e  com p o si t io n  o f  t r u e  b ra n .  V a r ie ty  was
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r e p o r te d  to  have a h ig h ly  s i g n i f i c a n t  in f lu e n c e  on th e  l i p i d  c o n te n t  o f  
w h i te  r i c e  and a h ig h ly  s i g n i f i c a n t  in f lu e n c e  on th e  n i t r o g e n  c o n te n t  
o f  w h ite  r i c e  and th e  ash c o n te n t  o f  h u l l s . Environment had a h ig h ly  
s i g n i f i c a n t  in f lu e n c e  on th e  a sh  c o n te n t  o f  h u l l  and on th e  l i p i d ,  n i t r o ­
gen, ash  and s t a r c h  c o n te n t  o f  t h e  w h ite  r i c e .
B orasio  and G a r ib o ld i  (5) made a com para tive  s tu d y  o f  th e  p r o t e i n  
c o n te n t  o f  A vorio  and C r i s t a l l o  P ro cessed  r i c e .  They r e p o r te d  a p r o t e i n  
c o n te n t  o f  6.30% f o r  Avorio r i c e ,  6.95% f o r  C r i s t a l l o  r i c e ,  and 6.10% 
f o r  normal m i l le d  r i c e .  I t  was p o in te d  o u t  t h a t  th e  improved chem ical 
com posit ion  o f  m i l l e d  p a r b o i l e d  r i c e  i s  due to  th e  d e c re a se  in  removal 
o f  m a te r i a l  d u r in g  m i l l i n g .  Th is  d e c re a se  i s  a t t r i b u t e d  t o  th e  in c re a s e d  
h a rd n e ss  o f  th e  k e r n e l s .
Cagampang e t  a l . (11) r e p o r te d  r e s u l t s  o f  s tu d i e s  on th e  s o lu b le  
f r a c t i o n  o f  th e  p r o t e i n  o f  m i l le d  r i c e ,  b ra n  and p o l i s h e d  r i c e  o f  h igh  
and low p r o t e i n  s a m p le s . He showed g l u t e l i n  t o  be th e  p redom inant f r a c ­
t i o n  i n  th e  whole g r a in ,  th e  m i l l e d  p ro d u c t  and in  th e  r i c e  p o l i s h .
Albumin and g lo b u l in  a re  th e  m ajor p r o t e i n s  o f  th e  b ran  and a re  concen­
t r a t e d  t h e r e  d u r in g  p o l i s h i n g .  P ro lam ine i s  r a t h e r  even ly  d i s t r i b u t e d  
in  a l l  t h r e e  f r a c t i o n s . The d i f f e r e n c e s  in  th e  t o t a l  p r o t e i n  c o n te n t  o f
th e  whole g r a in  a r e  m ainly  due to  d i f f e r e n c e s  in  th e  g l u t e l i n  c o n te n t .
The in f lu e n c e  o f  p a r b o i l i n g  on th e  p r o t e i n  f r a c t i o n s  was s tu d ie d  
a t  th e  I n t e r n a t i o n a l  Rice R esearch  I n s t i t u t e  (2 5 ) .  P a r b o i l in g  was shown 
to  have  no e f f e c t  on p r o t e i n  c o n te n t  b u t  reduced  th e  e x t r a c t a b i l i t y  o f  
p r o t e i n  by an averag e  o f  45%. The g lo b u l in  f r a c t i o n  e x h ib i t e d  th e  
l a r g e s t  re d u c t  i o n - -65%.
Tamura and co-w orkers  (74) r e p o r te d  th e  amino a c id  com p o si t io n  o f  
th e  fo u r  main p r o t e i n  f r a c t i o n s  o f  m i l l e d  r i c e ,  p o in t in g  o u t th e  h igh
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c o n c e n t r a t io n  o f  l y s in e  in  a lbum in , c y s t i n e  i n  g lo b u l in ,  and o f  le u c in e  
and p r o l i n e  i n  p ro lam in e .
S i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n s  between crude p r o t e i n  c o n te n t  
and p e rc e n ta g e s  o f  l y s in e ,  m e th io n in e ,  and th r e o n in e  i n  a s e r i e s  o f  16 
r i c e s  were ob se rv ed  by J u l i a n o  and co -w orkers  (3 1 ) .  P o s i t i v e  c o r r e l a ­
t i o n  was found f o r  t y r o s i n e ,  a r g in in e  and le u c in e .
H u n te r ,  F e r r e l  and Houston (26) r e p o r te d  th e  f r e e  amino a c id s  o f  
f r e s h  and aged p a r b o i l e d  r i c e .  G r e a t e s t  i n i t i a l  c o n c e n t r a t io n s  were ob­
se rv ed  f o r  a l a n i n e ,  a s p a r t i c  a c id ,  and g lu ta m ic  a c id .  Those in  i n t e r ­
m ed ia te  c o n c e n t r a t io n s  were a r g i n i n e , a s p a r a g in e , g ly c in e ,  l e u c in e ,  
l y s i n e ,  p r o l i n e ,  s e r i n e ,  v a l i n e  and one u n i d e n t i f i e d  n in h y d r in - r e a c t in g  
compound. Those in  th e  low est c o n c e n t r a t io n  were c y s t i n e ,  h i s t i d i n e ,  
m e th io n in e ,  p h e n y la la n in e ,  t h r e o n in e ,  t ry p to p h a n  and t y r o s i n e .  A s i g ­
n i f i c a n t  lo s s  o f  amino a c id s  d u r in g  a c c e l e r a t e d  s to r a g e  was in d i c a t e d  by 
th e  i n t e n s i t y  o f  th e  amino a c id  s p o t s .
Aykroyd, K rishnan  and S u n d a ra ra ja n  (2) p o in te d  o u t  t h a t  machine
m i l le d  r i c e  from raw rough r i c e  c o n ta in e d  1 .0  ng/gm o f  v i ta m in  B^.
Machine m i l le d  r i c e  from p a r b o i l e d  r i c e  c o n ta in e d  2 .20  ng/gm. S im i l a r ly ,  
m i l l e d  r i c e  from raw r i c e  had  16 ng/mg n i c o t i n i c  a c id ,  w h ile  m i l le d  r i c e  
from p a r b o i l e d  r i c e  had 38 ng/gm.
A ccording  to  Kik e t  a l .  (35) rough r i c e  o r  paddy had 3 .0  ng/gm o f
B j , p o l i s h e d  r i c e  0 .6  ng/gm, w h ile  r i c e  b ra n  had 21 to  31 ng/gm o f  v i t a ­
min B^. L a te r ,  Kik (36) r e p o r te d  t h a t  th e  C onversion  and M alekised  p ro ­
ce s se s  y ie ld e d  p ro d u c ts  t h a t  showed g r e a t e r  r e t e n t i o n  o f  v i ta m in s  th an  
d id  u n t r e a t e d  r i c e .
The d i s t r i b u t i o n  o f  th iam in  i n  r i c e  was d is c u s s e d  by Simpson (70) . 
He confirm ed t h a t  th e  th ia m in  was l a r g e l y  c e n te r e d  in  th e  s c u te l lu m  but
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t h a t  th e  r i b o f l a v i n  was more u n ifo rm ly  d i s t r i b u t e d  th ro u g h o u t th e  
embryo.
I n v e s t i g a t io n s  on th e  lo s s e s  o f  v i ta m in s  d u r in g  p a r b o i l i n g  and 
m echanical d ry in g  were made by M itra  and Chandhuri (4 4 ) .  Using R u p sa l , 
P a tn a  and S i t o s a l  v a r i e t i e s  grown in  West B engal, th e  lo s s e s  o f  v i t a ­
mins were r e p o r te d  to  be n e g l i g i b l e .  About 17 t o  20% o f  th e  th iam in  
was l o s t  a long  w ith  th e  b ra n  d u r in g  m i l l i n g .
B h a t tach a ry a  and Rao (4) s tu d i e d  th e  e f f e c t  o f  p a r b o i l i n g  c o n d i­
t i o n s  on th iam in  c o n te n ts  o f  r i c e .  T h e ir  f in d in g s  i n d i c a t e  t h a t  p a r ­
b o i l i n g  d e s t ro y s  p a r t  o f  th e  t o t a l  th ia m in  c o n te n t  o f  th e  paddy. Soak­
in g  p e r  se  d id  n o t  le a d  to  l o s s e s ,  b u t  much th iam in  was le ach ed  ou t i f  
rough r i c e  s p l i t  d u r in g  so ak in g . Soaking a t  h ig h  pH may a l s o  reduce 
th ia m in .  The th iam in  has  been shown t o  be p r o t e c t e d  d u r in g  m i l l i n g  by 
h ig h  te m p e ra tu re  soak ing  o r  by so ak in g  and s team ing .
There  has been a c o n t in u e d  i n t e r e s t  in  v i ta m in  enrichm ent o f  
r i c e  s in c e  th e  d is c o v e ry  by Ejkman in  1927 t h a t  b e r i b e r i  was caused by 
th e  lack  o f  a n u t r i t o n a l  f a c t o r ,  l a t e r  shown to  be th ia m in ,  in  m il le d -  
r i c e  d i e t s .  D ire c t  a d d i t i o n  o f  s y n t h e t i c  th a im in  and n i a c i n  i s  r e q u i r e d  
by law in  South C a r o l in a ,  P u e r to  R ico , and p a r t s  o f  th e  P h i l i p p in e s .  
S tan d a rd s  o f  i d e n t i t y  o f  e n r ic h e d  r i c e  have been is s u e d  by th e  U.S.
Food and Drug A d m in is t r a t io n  (1957) (Table  I ) .
TABLE I .  Levels o f  N u t r i e n t s  in  E nriched  Rice
Thiamin, mg/lb 
R ib o f la v in ,  mg/lb*
2 .0 - 4 .0  
1 .2 -2 .4  
1 6 .0 -2 0 .0  
500-1000 
250-1000 
250-1000
N ia c in ,  mg/lb 
I ro n ,  mg/lb
Calcium, m g/lb 
Vitamin D, USP u n i t s / l b
*The requ irem en t f o r  r i b o f l a v i n  i s  s tay e d  u n t i l  f i n a l  a c t io n  to  
d isp o se  o f  o b je c t io n s  to  ye llow  c o lo r  im p arted  to  r i c e  (7 ) .
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The r i n s i n g  and d e c a n ta t io n  o f  cooking w a te r  which i s  common in  
many c o u n t r i e s  d e p le t e s  th e  n u t r i e n t s  o f  r i c e  to  such a g r e a t  e x te n t  
t h a t  t h e  mode o f  cooking becomes a prim e concern  govern ing  th e  f e a s i ­
b i l i t y  o f  e f f e c t i v e  n u t r i e n t  improvement o f  m i l l e d ,  w h ite  r i c e  (3 0 ) .
In  th e  l a t e  1 9 4 0 's  th e  Hoffman-LaRoche P ro cess  (21 , 22) so lv ed  th e  p ro b ­
lem o f  p ro v id in g  an e n r ic h e d  r i c e  t o  t h e  consumer w ith  th e  f i r s t  r i n s e -  
r e s i s t a n t  p rem ix . In  t h i s  p ro c e s s  a  w a t e r - r e s i s t a n t  z e in  c o a t in g  i s  
a p p l ie d  a t  a r a t e  o f  o n e - h a l f  pound p e r  99 .5  pounds o f  w h ite  r i c e . A 
s i m i l a r  p ro c e s s  was developed  by th e  Merck Company. This  p ro c e ss  co a ts  
th e  r i c e  w ith  a w h ite  s h e l l a c  (3 9 ) .  In  b o th  o f  t h e s e  p ro c e s s e s  t a l c  i s  
d u s te d  on to  th e  e n r ic h e d  c e r e a l  g r a in  w h ile  th e  c o a t in g  m a te r ia l  i s  
s t i l l  t a c k y .  M in era ls  such as i r o n  may a l s o  be  added t o  th e  c e r e a l  
g r a in  i n  th e  d u s t in g  powder. T i tan iu m  ox ide  has  been used  in  some i n ­
s ta n c e s  to  co v er  up t h e  y e l lo w  c o lo r  im p ar ted  by r i b o f l a v i n  e n r ic h m en t .
The v i ta m in s  and m in e ra ls  may be  added to  a l l  o f  th e  g r a in  k e rn e ls  
o r  a h ig h ly  f o r t i f i e d  prem ix may be p re p a re d .  P r e f e r a b ly  such a mix i s  
formed by f o r t i f y i n g  a p o r t i o n  o f  th e  c e r e a l  g r a m  w ith  a h ig h ly  concen­
t r a t e d  amount o f  v i ta m in s  and m in e ra ls  in  th e  manner d e s c r ib e d .  The 
prem ix i s  th e n  mixed w ith  u n e n r ic h ed  r i c e  in  a p ro p o r t io n  o f  one p a r t  
e n r ic h e d  g r a in  t o  199 p a r t s  o f  u n e n r ic h ed  g r a in  t o  produce a t o t a l  mix­
t u r e  f o r t i f i e d  w ith  th e  d e s i r e d  p r o p o r t io n s  o f  v i ta m in s  and m in e r a l s .
Packaged r i c e ,  as d i s t r i b u t e d  th ro u g h  r e t a i l  o u t l e t s  i n  th e  U nited  
S t a t e s ,  i s  e n r ic h e d  by add ing  a powdered prem ix a t  th e  r a t e  o f  0 .5  to  1 
ounce p e r  100 pounds o f  f i n i s h e d  w h ite  r i c e .  The powdered premix adheres  
s u f f i c i e n t l y  to  th e  r i c e  t o  p ro v id e  good d i s t r i b u t i o n  o f  en richm ent d u r­
ing  custom ary h a n d l in g .  S in ce  t h i s  en richm ent would be removed by r i n s ­
in g  th e  r i c e  b e fo re  and a f t e r  cook ing , r e t a i l  packages o f  r i c e  e n r ic h ed
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w ith  th e  powdered prem ix a re  l a b e l e d  w ith  th e  c a u t io n  t h a t  th e  r i c e  
shou ld  n o t  be r in s e d  b e f o r e  o r  a f t e r  cooking  (69 ) .
Cooking and P ro c e s s in g  Q u a l i ty
U n t i l  r e c e n t  y e a r s , th e  q u a l i t y  o f  r i c e  in  th e  U n ited  S ta te s  was 
judged s o l e l y  on th e  b a s i s  o f  i t s  m i l l i n g  q u a l i t y ,  th o s e  f a c to r s  a f f e c t ­
ing  m i l l i n g  y i e l d s ,  and on c l e a n l i n e s s  and p u r i t y  o f  th e  r i c e .  However, 
i n  1951 a lo n g -g r a in  v a r i e t y  was r e l e a s e d  f o r  commercial p ro d u c t io n  which 
proved  to  be u n a c c e p ta b le  t o  th e  consumer. Th is  p o in te d  ou t th e  need f o r  
d ev e lop ing  t e s t s  f o r  cooking  and p r o c e s s in g  q u a l i t y  to  in s u re  t h a t  new 
v a r i e t i e s  p o s se s se d  th e  i n h e r e n t  cooking and p ro c e s s in g  c h a r a c t e r i s t i c s  
r e q u i r e d  by th e  u l t im a te  consumer b e f o r e  b e in g  r e l e a s e d  f o r  p ro d u c t io n .
S e v e ra l  methods o f  m easuring  im p o r ta n t  q u a l i t y  c h a r a c t e r i s t i c s  o f  
r i c e  have been  r e p o r te d  i n  th e  l i t e r a t u r e .  Most o f  th e s e  t e s t s  a re  r e ­
l a t e d  in  some manner t o  p a l a t a b i l i t y  t e s t s  o f  th e  r i c e .  In th e  U nited  
S t a t e s  th e  average  consumer d e s i r e s  a r i c e  which w i l l  cook to  a creamy- 
w h ite  c o lo r ,  w ith  t e n d e r ,  w e l l - s e p a r a t e d  g r a in s  p o s s e s s in g  a b lan d  f l a v o r .
Q u a l i t a t i v e  d i f f e r e n c e s  among v a r i e t i e s  were observed  by Jodon and 
J e n k in s  (28) by cooking  25 t o  30 grams o f  r i c e  in  aluminum c o f fe e  b a l l s  
in  an ex cess  o f  w a te r  f o r  18 t o  20 m in u te s . Rao e t  a l .  (55) r e p o r te d  on 
w a te r  a b s o r p t io n  as a " s w e l l i n g  number" o r  th e  w eigh t o f  w a te r  imbibed by 
100 grams o f  r i c e  when cooked a t  98°C under  s ta n d a rd  c o n d i t io n s .  This 
" s w e l l in g  number" was th e n  u sed  as an index  o f  cooking q u a l i t y .  P a r th a -  
s a r a t h i  and Nath (50) a l s o  examined th e  w a te r  a b s o r p t io n  o f  2 grams o f  
r i c e  when cooked in  a w ire  cage i n  ex cess  w a te r  a t  c e r t a i n  t e m p e ra tu re s . 
The tim e  tak en  to  cook t h e  r i c e  t o  d i f f e r e n t  degrees  o f  doneness was de ­
te rm ined  by e v a lu a t in g  th e  tim e  needed f o r  th e  r i c e  to  absorb d i f f e r e n t
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amounts o f  w a te r .  Rice was s a i d  t o  be cooked when 2 grams had absorbed  
4 .5  grams o f  w a te r  d u r in g  cooking a t  100°C. Doneness was t e s t e d  by 
p r e s s in g  a r i c e  g r a in  betw een th e  thumb and f o r e f i n g e r .
R oberts  e t  a l .  (60) judged  q u a l i t y  by "expanded volume," o r  th e  
bu lk  volume o f  an expanded sample o f  p a r b o i l e d  r i c e  d iv id e d  by i t s  i n i ­
t i a l  volume. Expanded volume was d e te rm ined  by h e a t in g  p o r t i o n s  o f  dry 
p a r b o i l e d  r i c e  in  an a i r  b l a s t  oven a t  250°C f o r  16 to  18 seconds and 
m easuring th e  i n c r e a s e  i n  volume.
S re e n s iv a s a n  (71) a l s o  d e v is e d  a  t e s t  f o r  expansion  which he mea­
su re d  by w a te r  d isp la ce m e n t  o f  th e  g r a in s  b e f o r e  and a f t e r  cooking.
Methods o f  d e te rm in in g  th e  s o lu b le  s t a r c h  c o n te n t  o f  ground p a r ­
b o i l e d  r i c e  have been  d e s c r ib e d  by R oberts  e t  a l .  (60 ) .
B a tch e r  e t  a l .  (3) m easured q u a l i t y  o f  r i c e  by d e te rm in in g  th e  
w a te r  abosrbed  by a  s p e c i f i e d  q u a n t i t y  o f  r i c e  in  a g iven  len g th  o f  
tim e (d e s ig n a te d  as w a te r  u p ta k e  r a t i o ) ,  th e  volume o f  a g iven  w eigh t o f  
r i c e  when cooked, t o t a l  s o l i d s  and e s t im te d  s t a r c h  in  th e  r e s id u a l  cook­
ing  l i q u i d .
O ther  q u a l i t y  t e s t s  in c lu d e :  amylose c o n te n t ;  a l k a l i  sp re ad in g
v a lu e ,  o r  th e  e x te n t  o f  d i s i n t e g r a t i o n  o f  w h o le -k e m e l  m i l le d  r i c e  in  
c o n ta c t  w ith  d i l u t e  a l k a l i — an i n d i c a t o r  o f  g e l a t i n i z a t i o n  te m p e ra tu re ;  
and b i r e f r i n g e n c e  end p o i n t  t e m p e r a tu r e , o r  th e  te m p e ra tu re  a t  which th e  
s t a r c h  b i r e f r i n g e n c e  changes i n d i c a t i n g  g e l a t i n i z a t i o n .
P r e s c o t t  and Haas measured g e l a t i n i z a t i o n  and w a te r  up take  by 
s t a i n i n g  in d iv id u a l  g r a in s  and exam ining them m ic ro s c o p ic a l ly  (51 ) .
Cooked i n s t a n t  r i c e  i s  most commonly judged f o r  f l a v o r ,  t e x t u r e ,  
c o lo r ,  c o h es iv en ess  o f  th e  g r a i n s , and th e  a b i l i t y  to  r e h y d r a t e .
MATERIALS AND METHODS
In p la n n in g  a p p r o p r ia t e  r e s e a rc h  f o r  th e  s u c c e s s f u l  m anufacture  
o f  an improved i n s t a n t  r i c e ,  th e  s e l e c t i o n  o f  raw m a te r i a l s  o f  a known 
h i s t o r y ,  and th e  developm ent o f  p ro c e ss  equipment which can be a p p l ie d  
t o  i n d u s t r y ,  a r e  c r i t i c a l  f a c t o r s  which must be c o n s id e re d .
Raw, w h i te ,  l o n g - g r a in  B luebonnet v a r i e t y  r i c e  o f  known h i s t o r y ,  
o b ta in e d  from th e  L o u is ia n a  R ice Experim ent S t a t i o n  in  Crowley, L o u i s i ­
ana, was used  in  t h i s  i n v e s t i g a t i o n .  Both n o n -e n r ic h e d  and e n r ic h e d  
r i c e  were s t u d i e d .  The e n r ic h e d  r i c e  was p re p a re d  by th o ro u g h ly  mixing 
99.5% o f  n o n -e n r ic h e d  r i c e  w ith  0.5% prem ix , which was e n r ic h e d ,  r i n s e -  
p ro o f  r i c e  w i th  400 mg o f  th ia m in ,  3200 mg o f  n i a c i n ,  and 2600 mg o f  
i r o n  p e r  pound, an a d h e s iv e ,  and t a l c .  The prem ix  was fu rn ish e d  by 
Mr. S. L. W right o f  Crowley, L o u is ia n a ,  who p ro c e s s e s  and d i s t r i b u t e s  
t h i s  m a te r i a l  t o  commercial r i c e  p a c k e r s . Adding 0 .5  pounds o f  premix 
to  99 .5  pounds o f  n o n -e n r ic h e d  r i c e  b r in g s  th e  n u t r i t o n a l  l e v e l  o f  the  
r ic e -p re m ix  m ix tu re  t o  t h e  l e v e l  s e t  fo i ' th  in  th e  S tan d a rd  o f  I d e n t i t y  
f o r  E n r ich ed  Rice which r e q u i r e s  t h a t  e n r ic h e d  r i c e  have 2-4 mg th ia m in ,  
16-32 mg o f  n i a c i n ,  and 13-26 mg o f  i r o n  p e r  pound o f  r i c e .
R e p r e s e n ta t iv e  sam ples o f  t h e  m i l le d ,  u n en r ich ed  r i c e  and th e  
e n r ic h e d  r i c e  (99.5% u n en r ic h ed  r i c e  + 0.5% premix) used  in  th e s e  e x p e r i ­
ments were a n a ly z e d  f o r  th ia m in ,  n i a c i n ,  and i r o n  c o n te n t  u s in g  th e  o f f i ­
c i a l  methods recommended by th e  A s s o c ia t io n  o f  O f f i c i a l  A n a ly t ic a l  
Chem ists (1) .
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The f iv e  m ajor s t e p s —so ak in g ,  cooking , d ry in g ,  r e h y d r a t io n ,  and 
o r g a n o le p t ic  e v a l u a t i o n - - i n  th e  la b o r a to r y  o p e ra t io n s  f o r  th e  p r e p a r a ­
t i o n  o f  o p tim a l q u a l i t y  q u ic k -co o k in g  r i c e  a re  o u t l i n e d  below.
S tep  1. The Soaking P rocess
The e f f e c t s  o f  fo u r  aqueous soak ing  m e d i a - - d i s t i l l e d  w a te r ,  and 
w a te r  c o n ta in in g  1%, 3.5%, and 7% o f  a  50-50 m ix tu re  o f  sodium c i t r a t e  
and ca lc ium  c h l o r i d e ,  t o g e t h e r  w i th  two l e v e l s  o f  w a te r  tem p e ra tu re  
(70° and 122°F) d u r in g  so ak in g  and two p e r io d s  o f  e la p s e d  tim e (one 
and 15 m inu tes)  d u r in g  so ak in g - -w ere  chosen f o r  s tu d y  in  th e s e  e x p e r i ­
ments . The f o u r  l e v e l s  o f  so ak in g  m edia, and two l e v e l s  each o f  tem­
p e r a tu r e  and p e r io d s  o f  tim e y i e ld e d  a  t o t a l  o f  32 groups o f  soaked 
r i c e ,  t h a t  i s ,  16 groups each f o r  u n en r ich ed  r i c e  and e n r ic h e d  r i c e .
The p e r c e n t  m o is tu re  u p tak e  and volume in c r e a s e  were de te rm ined  f o r  
each o f  th e  32 groups o f  soaked  r i c e .  These d a ta  i n d i c a t e d  t h a t ,  w i th ­
o u t e x c e p t io n ,  th e  15-m inute p e r io d  o f  soak in g  y ie ld e d  b e t t e r  p ro d u c ts  
th an  th e  one-m inute  p e r io d  o f  so ak in g . The 16 groups o f  one-m inute  
soaked  r i c e  were n o t  i n v e s t i g a t e d  f u r t h e r .
S te p  2. The Cooking Methods
A liq u o ts  o f  th e  16 groups o f  r i c e  t h a t  had been soaked f o r  a 
p e r io d  o f  15 m inutes  were s u b je c te d  t o  two methods o f  cooking:
(1) h e a t in g  i n  an a u to c la v e  a t  250°F, 15 p s i g ,  f o r  two p e r io d s  o f  
e la p s e d  t im e - -2  and 3 m in u te s ; and (2) h e a t in g  i n  w a te r  a t  two l e v e l s  
o f  te m p e ra tu re — 185° and 212°F— f o r  t h r e e  p e r io d s  o f  e la p s e d  t im e —5, 10 
and 15 m in u te s .  These cooking  o p e ra t io n s  y ie ld e d  a t o t a l  o f  128 groups 
o f  cooked r i c e ,  o f  which 32 groups had been h e a te d  in  an a u to c la v e  and
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96 groups had been cooked i n  h o t  w a te r .  The p e rc e n t  m o is tu re  u p tak e ,  
volume in c r e a s e ,  and g e l a t i n i z a t i o n  were de te rm ined  f o r  each o f  th e  128 
groups. The d a t a  i n d i c a t e d  t h a t  th o s e  groups which had been soaked in  
th e  3.5% and 7% s o l u t i o n s  o f  sodium c i t r a t e - c a l c i u m  c h lo r id e  were o f  
i n f e r i o r  q u a l i  ty; c o n se q u e n t ly ,  th e s e  64 groups o f  cooked r i c e  were no t 
i n v e s t i g a t e d  f u r t h e r .  The d a ta  f o r  th e  t h r e e  a t t r i b u t e s  o f  cooked, en ­
r ic h e d  r i c e  groups were v i r t u a l l y  i d e n t i c a l  w ith  th e  d a ta  f o r  th e  c o r ­
re spond ing  cooked u n e n r ic h ed  r i c e  g ro u p s . This  f in d in g  in d ic a t e d  t h a t  
th e  0.5% c o n te n t  o f  prem ix  had no s i g n i f i c a n t  e f f e c t  on th e  cooking 
q u a l i t i e s  o f  th e  v a r io u s  r i c e  g roups.
From th e  rem a in ing  64 groups o f  cooked r i c e ,  a t o t a l  o f  16 groups 
were s e l e c t e d  f o r  d ry in g  on th e  b a s i s  o f  op tim al p e rc e n t  m o is tu re  up­
ta k e ,  volume i n c r e a s e ,  and g e l a t i n i z a t i o n ;  th e s e  16 groups a ls o  r e p r e ­
s e n te d  matched groups w ith  r e s p e c t  t o :  (a) e n r ic h e d  and u n en r ich ed
r i c e ;  (b) so ak in g  media— d i s t i l l e d  w a te r  and 1% s o l u t i o n  o f  sodium 
c i t r a t e - c a l c i u m  c h l o r i d e ;  (c) so ak in g  c o n d i t io n s  — 70° o r  122°F f o r  15 
m in u te s ; and (d) cooking  m ethods- - h e a t in g  th e  soaked r i c e  in  an a u to ­
c la v e  a t  250°F f o r  e i t h e r  2 o r  3 m inutes  and in  h o t  w a te r  a t  212°F f o r  
10 m in u te s .
S tep  3. The Drying Methods
The m o is tu re  c o n te n t  o f  t h e  above s e l e c t e d  16 cooked r i c e  groups 
was reduced  t o  12-14% by p ro c e d u re s  employing c o n v ec t iv e  a i r  d ry in g .
Five d i f f e r e n t  s e t s  o f  d ry in g  c o n d i t io n s  y ie ld e d  a t o t a l  o f  80 d i f f e r ­
e n t  groups o f  d r i e d  cooked r i c e .  Two r a t e s  o f  a i r  f low , 88 and 120 cfm, 
an d ' two l e v e l s  o f  a i r  te m p e ra tu re ,  180° and 200°F, y ie ld e d  64 g ro u p s , 
w h ile  a  p ro ce d u re  in v o lv in g  p a r t i a l  f r e e z e  d ry in g  fo llow ed  by c o n v ec t iv e
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a i r  d ry in g  a t  120 cfm and 200°F y ie ld e d  16 a d d i t i o n a l  groups o f  d r ie d  
cooked r i c e .  The w e ig h t ,  volume, and q u a l i t y  a t t r i b u t e s  such as d u m p i ­
n e ss  and b reak ag e  were de te rm ined  f o r  each o f  th e  80 g ro u p s . From th e s e  
80 g ro u p s , b a sed  on th e  p re s e n c e  o f  a  volume r a t i o  (volume o f  d r i e d  
cooked r ic e /v o lu m e  o f  raw r i c e )  o f  1 .5  o r  above , and th e  absence o f  
d u m p in e s s  and b reak ag e  o f  th e  r i c e  g r a in s  i n  th e  d r i e d  cooked p r o d u c t s , 
a t o t a l  o f  28 groups were s e l e c t e d  f o r  r e h y d r a t io n ;  o f  t h e s e ,  20 were 
from th e  64 groups o b ta in e d  by th e  p ro ce d u re  in v o lv in g  c o n v ec t iv e  a i r  
d ry in g  a lo n e ,  and 8 were from th e  16 groups o b ta in e d  by th e  p ro ced u re  
in v o lv in g  f r e e z e  d ry in g .  These 28 groups a l s o  r e p re s e n te d  matched groups 
w ith  r e s p e c t  t o  (a) e n r ic h e d  and u n e n r ic h ed  r i c e ,  and (b) soak ing  m ed ia -- 
d i s t i l l e d  w a te r  and 1% s o l u t i o n  o f  sodium c i t r a t e - c a l c i u m  c h l o r i d e .
S tep  4. The R eh y d ra tio n  Process
Each o f  t h e  above s e l e c t e d  28 groups o f  d r i e d ,  cooked r i c e  was 
r e h y d ra te d  by h e a t i n g  i n  h o t  w a te r  a t  212°F f o r  a p e r io d  o f  5 m in u te s .
The r e h y d r a t io n  r a t i o  and th e  p e r c e n t  in c r e a s e  in  volume were de te rm ined  
f o r  each o f  th e  28 r e h y d ra te d  p r o d u c t s .
S tep  5 . O rg a n o le p t ic  E v a lu a t io n s
Each o f  t h e  r e h y d ra te d  p ro d u c ts  was e v a lu a te d  o r g a n o l e p t i c a l l y  
w ith  r e s p e c t  t o  c o l o r ,  c o h e s iv e n e s s ,  f l a v o r ,  and doneness by a pan e l  o f  
f i v e  ju d g e s . The fo u r  r e h y d ra te d  p ro d u c ts  t h a t  re c e iv e d  th e  h ig h e s t  
o v e r a l l  o r g a n o le p t i c  s c o re s  were th e n  a n a ly zed  f o r  th iam in  by Thiochrome 
f lu o r e s c e n c e ,  n i a c i n  c o n te n t  by c o lo r im e t r y ,  and i r o n  c o n te n t  by c o l o r i ­
m etry .
39
D e ta i l s  o f  L abora to ry  P rocedures
S o ak in g : A t o t a l  o f  32 sam ples o f  r i c e ,  each w eigh ing  100 grams,
were p re p a re d .  Each 100-gram sample was p la c e d  in  a 2 - l i t e r  b e ak e r  to  
which was added 800 ml o f  th e  a p p r o p r ia t e  aqueous soak ing  medium. The 
m ix tu re  was s t i r r e d  m anually  w h ile  so ak in g  a t  th e  a p p r o p r ia te  tem pera­
t u r e  (70° o r  122°F) f o r  th e  p ro p e r  le n g th  o f  tim e (1 o r  15 m in u te s ) . At 
th e  end o f  t h e  so ak in g  p e r io d ,  th e  s o l u t i o n  was d ecan ted  and th e  excess  
m o is tu re  was removed by sp re a d in g  th e  sam ples o v e r  f i l t e r  p a p e r .  The 
samples were th e n  p la c e d  in  a  t a r e d  300-ml e v a p o ra t in g  d ish  and weighed. 
The sample was t r a n s f e r r e d  t o  a  500-ml g ra d u a te  c y l in d e r  to  de te rm ine  
th e  volume.
Cooking: A ll  samples v/ere cooked by s im ple  methods which simu­
l a t e  b a tc h - ty p e  p r o c e s s in g  o p e r a t io n s  used  i n  i n d u s t r y ,  and which could  
e a s i l y  be i n c o r p o r a te d  i n t o  e x i s t i n g  r i c e  p a r b o i l i n g  o p e ra t io n s  in  many 
underdeveloped  c o u n t r i e s .
Samples from each  p re s o a k in g  t r e a tm e n t  were cooked under con­
t r o l l e d  c o n d i t io n s  o f  t im e ,  t e m p e ra tu re ,  p r e s s u r e  and cooking medium. 
E x p e r im e n ta l ly , th e  100 -gram samples o f  soaked r i c e  were cooked in  1000 
ml o f  w a te r  a t  185° o r  212°F u n d er  a tm ospheric  c o n d i t io n s  f o r  tim e p e r io d s  
o f  5 , 10 and 15 m inu tes  r e s p e c t i v e l y ,  and p r e s s u r e  cooking a t  15 p s ig  and 
250°F f o r  2 and 3 m in u te s , r e s p e c t i v e l y .  A sample o f  each 15-minute 
soaked r i c e  was s u b je c t e d  t o  each o f  th e  cooking t r e a tm e n ts .
A f te r  b e in g  h e a te d  f o r  th e  a p p r o p r ia t e  p e r io d  o f  t im e , th e  cook­
in g  s o l u t i o n  was d eca n te d  and th e  cooked r i c e  was r in s e d  and c h i l l e d  
w ith  c o ld  w a te r  (32° t o  3 5 °F ) . The excess  m o is tu re  was removed by 
sp re ad in g  th e  cooked r i c e  o v e r  f i l t e r  p a p e r .  The sample was th e n  weighed
40
in  a  t a r e d  e v a p o r a t in g  d i s h ,  th e  p e r c e n t  m o is tu re ,  th e  w a te r  uptake  
r a t i o  (w eight o f  cooked r i c e  d iv id e d  by th e  w eigh t o f  raw r i c e ) , th e  
volume (measured in  a o n e - l i t e r  g ra d u a te  c y l in d e r )  and th e  p e rc e n t  
g e l a t i n i z a t i o n  were d e te rm in ed .
D ry ing : The sam ples were d r ie d  in  th e  c o n v ec t iv e  d ry in g  e q u ip ­
ment (F ig .  1 ) ,  s p e c i a l l y  d e s ig n e d  by th e  L o u is ian a  S t a t e  U n iv e r s i ty  Ag­
r i c u l t u r a l  E n g in ee r in g  D epartm ent, and m od if ied  f o r  use  in  th e  p r e s e n t  
ex p e r im en ts .  I t  c o n s i s t e d  o f  an e le v e n - in c h  fan  which fo rce d  a i r  
th ro u g h  an i n s u l a t e d  s h e e t  m eta l  duc t c o n ta in in g  e l e c t r i c  h e a t e r s ,  
b a f f l e s ,  and a  t e s t  s e c t i o n  to  in t r o d u c e  a  w ire  mesh t r a y  h o ld in g  th e  
r i c e  sam p le . Heat was s u p p l i e d  to  th e  d r i e r  by fo u r  banks o f  e l e c t r i c  
f i n s t r i p  ty p e  h e a t e r s  c o n t r o l l e d  by v a r i a b l e  v o l ta g e  r e g u la to r s  ( rh eo ­
s t a t s )  which a llow ed  f o r  v a ry in g  h e a t  i n p u t s .
The s h e e t  m e ta l  d u c t  was f a b r i c a t e d  w ith  a c r o s s - s e c t i o n a l  a r e a  
o f  81 sq u are  in c h es  (9" by 9") a t  th e  t e s t  s e c t i o n .  Four b a f f l e s  were 
p ro v id e d  j u s t  p r i o r  t o  t h e  t e s t  s e c t i o n  to  o b ta in  a f a i r l y  un iform  a i r  
flow th ro u g h  th e  t e s t  s e c t i o n  o f  th e  d u c t .  The fan  was equipped w ith  a 
m an ifo ld  t o  a llow  v a r i a t i o n  o f  th e  flow r a t e s  o f  a i r .
The fo l lo w in g  s t e p s  were perfo rm ed  d u r in g  th e  a c tu a l  d ry in g  o f  
r i c e  sam ples . The sample was sp re a d  even ly  on th e  t r a y .  Heat in p u t  to  
th e  d r i e r  was c o n t r o l l e d  t o  g iv e  th e  d e s i r e d  a i r  te m p e ra tu re s  (200° and 
180°F ). The a i r  flow  r a t e  was c o n t r o l l e d  a t  120 o r  88 cfm. The d ry in g  
r a t e  was m o n ito red  by r e g u l a r  w e ig h in g s , and a f i n a l  m o is tu re  c o n te n t  o f  
12 to  14% was d e te rm in ed  by u s in g  th e  Motomco m o is tu re  m ete r .  The p e r ­
cen ta g e  o f  a d h e r in g  and broken  g r a in s  was v i s u a l l y  observed  and sco red .
Test Section
B a f f l e d  Area Blower
H e a t e r s
F igu re  1. C onvective  Drying Equipment
F reeze-D ry ing  w ith  C onvective  A ir  D ry ing : The equipment used  fo r
f r e e z e - d r y in g  was a  USM-15 model V i r t i s  f r e e z e - d r y e r  (F ig .  2) c o n s i s t i n g  
o f  two f ix e d  b la c k  anod ized  aluminum sh e lv e s  f o r  r a p id  f r e e z in g  o f  the  
p ro d u c t  below th e  e u t e c t i c  te m p e ra tu re  o f  w a te r .  The sh e lv e s  were 
mounted i n s id e  th e  s t a i n l e s s  s t e e l  vacuum chamber w ith  two acce sso ry  
p l a t e n s .  The h e a t in g  p l a t e n s  were surrounded  by s h e l f  c o i l s  which were 
connec ted  t o  th e  main h e a t in g  e lem en t.  The main h e a t in g  elem ent and th e  
c o i l s  were h e a te d  by c i r c u l a t i n g  h o t  s i l i c o n e  f l u i d ,  th e  te m p e ra tu re  o f  
which was c o n t r o l l e d  by an a d ju s t a b l e  th e rm o s ta t ,  between th e  tem pera ­
t u r e s  o f  60° and 250°F. T h is  arrangem ent se rv e s  as a c o n t r o l  d ev ice  to  
i n c r e a s e  th e  in p u t  n e c e s sa ry  f o r  th e  s u b l im a t io n  o f  i c e .  Vacuum up to  
30 microns o f  Hg can be o b ta in e d  in  th e  s t a i n l e s s  s t e e l  vacuum chamber.
A p r e s s u r e  gauge a t t a c h e d  t o  th e  chamber i n d ic a te d  th e  i n s id e  p re s s u re  
from 0 to  5000 microns o f  Hg. A condenser capab le  o f  co o l in g  to  -50°C 
was lo c a te d  i n s id e  th e  l a t e r a l  w a ll  o f  th e  chamber and su rrounded  the  
chamber, where th e  w a te r  due to  su b l im a t io n  o f  i c e  was c o l l e c t e d  and 
d e p o s i te d  as f ro z e n  w a te r  on th e  i n t e r i o r  w a ll  o f  th e  chamber. The 
s h e l f  and condense r  te m p e ra tu re s  were co n t in u o u s ly  m onito red  by a t h e r ­
mometer ty p e  e l e c t r o n i c  i n d i c a t o r .
In  th e  f r e e z e - d r y in g  method, th e  cooked and coo led  r i c e  samples 
were sp read  in  f o i l  compartments w i th in  s t a i n l e s s  s t e e l  f r e e z e - d r y  t r a y s ,  
covered  w ith  aluminum f o i l ,  and f ro z e n  in  a  - 10°C f r e e z e r .  These f ro ze n  
sam ples were th e n  p a r t i a l l y  d r ie d  in  th e  V i r t i s  model USM-15 f r e e z e - d r i e r  
t o  a  m o is tu re  c o n te n t  o f  from 25 t o  30%. O p era t in g  c o n d i t io n s  f o r  th e  
f r e e z e - d r i e r  were an a tm osphere reduced  to  60 p , and a s h e l f  te m p e ra tu re  
under 40°F. The su b l im a t io n  s te p  was fo llow ed by t re a tm e n t  in  th e  con­
v e c t iv e  a i r  d r i e r  a t  200°F and an a i r  v e lo c i ty  o f  120 cfm. The use o f  a
F ig u re  2. The V i r t i s  Co. F reeze D r ie r
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com bination  o f  methods was an a t te m p t  to  s im u la te  an econom ica lly  
f e a s i b l e  p ro ced u re  f o r  i n d u s t r i a l  a p p l i c a t i o n  because  d ry in g  t o t a l l y  by 
f r e e z e - d r y in g  methods r e q u i r e s  c o n s id e ra b le  tim e and energy  and i s  th u s  
i m p r a c t i c a l .
O rg a n o le p t ic  E v a lu a t io n s : For th e  o r g a n o le p t i c  t e s t s ,  10 grams
o f  each o f  th e  r i c e  samples to  be e v a lu a te d  were r e h y d ra te d  in  th e  manner 
u s u a l l y  p r e s c r i b e d  f o r  com m ercially  a v a i l a b l e  i n s t a n t  r i c e s  (add ing  an 
eq u a l  volume o f  b o i l i n g  w a te r  t o  th e  r i c e  and a l lo w in g  i t  t o  s t e e p  f o r  
f i v e  m inutes w ith  o c c a s io n a l  s t i r r i n g ) .  The r i c e  was f l u f f e d  l i g h t l y  
w ith  a fo rk  and t r a n s f e r r e d  to  a  p e t r i  d is h  b e fo re  s e r v in g .  Four samples 
were p r e s e n te d  t o  th e  p an e l  in  randomized o rd e r  a t  each e v a lu a t io n  s e s ­
s io n ,  w ith  each sample r e p r e s e n t in g  a d i f f e r e n t  t r e a tm e n t .  The pane l 
o f  f i v e  e x p e r ie n c e d  t a s t e r s  r a t e d  th e  samples on c o l o r ,  c o h e s iv e n e s s ,  
o f f  f l a v o r ,  and doneness , u s in g  th e  h ed o n ic  s c a l e  shown in  F ig u re  3.
A n a ly s e s : P h y s ic a l  and chem ical a n a ly se s  were perform ed on th e
r i c e  a t  v a r io u s  s ta g e s  o f  p r o c e s s in g .  Chemical a n a ly se s  were done a c ­
co rd in g  to  th e  o f f i c i a l  methods p r e s c r i b e d  by th e  A s s o c ia t io n  o f  O f f i ­
c i a l  A n a ly t i c a l  Chem ists (1) f o r  th e  d e te rm in a t io n  o f  th ia m in ,  n i a c i n ,  
and i r o n  a t  th e  b e g in n in g  o f  th e  e x p e r im e n ta t io n  and a l s o  on s e l e c t e d  
cooked p ro d u c ts  a t  th e  end o f  th e  e x p e r im e n ta t io n .
B efore  p r o c e s s in g ,  and a f t e r  each s t e p  o f  p r o c e s s in g ,  th e  mois­
t u r e  c o n te n t  o f  th e  r i c e  was de te rm ined  by u s in g  a Motomco m o is tu re  
m e te r .  The a ccu racy  o f  t h i s  in s tru m e n t  was p e r i o d i c a l l y  checked by th e  
o f f i c i a l  a i r -o v e n  method o f  m o is tu re  d e te r m in a t io n  as d e sc r ib e d  in  th e  
USDA Announcement No. 147.
ORGANOLEPTIC SCORE SHEET
Sample 1 1 2 I 3 4 \ S
COLOR
9. White
7. Cream
5. G rey-yellow
3. Tan
1. Brown
COHESIVENESS
9. Well s e p a r a te d  g r a in s
7. P a r t i a l l y  s e p a r a te d
5. S t ic k y
3. Very s t i c k y
1. P a s ty
OFF FLAVOR
9. None
7. P e r c e p t ib l e
5. S l i g h t l y  s t ro n g
3. M oderate ly  s t ro n g
1. Very s t ro n g
DONENESS
9. Underdone
7. S l i g h t l y  underdone
5. Done
3. S l i g h t l y  overdone
1. Overdone
F ig u re  3. Hedonic s c a l e  f o r  i n s t a n t  r i c e
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The volume o f  th e  r i c e  sample was de term ined  b e fo re  and a f t e r
each p r o c e s s in g  and cooking s te p  by p la c in g  an a l i q u o t  i n  a g ra d u a te
c y l i n d e r  o f  known d ia m e te r .  The h e ig h t  o f  th e  r i c e  in  th e  column was
th e n  measured in  m i l l im e te r s  and th e  volume was c a l c u l a t e d  u s in g  th e  
2fo rm u la :  V = irr h
w here: V = volume
if = 3.1416 
r  = r a d iu s  
h = h e ig h t .
P e rc e n t  volume in c r e a s e  was d e te rm ined  by d iv id in g  th e  in c re a s e d  
volume o f  th e  r i c e  by th e  o r i g i n a l  volume o f  th e  r i c e  and m u l t ip ly in g  
by 100.
P e rc e n t  G e l a t i n i z a t i o n : The p e rc e n t  g e l a t i n i z a t i o n  was measured
m ic r o s c o p ic a l ly  by s l i c i n g  t h i n  s e c t i o n s  o f  th e  cooked r i c e  w ith  a r a z o r  
b la d e  and s t a i n i n g  th e s e  s e c t i o n s  w ith  a 0.5% s o l u t i o n  o f  Congo Red dye 
which d i f f e r e n t i a t e s  g e l a t i n i z e d  (red) g ra n u le s  from u n g e la t in i z e d  
(u n c o lo red )  g ra n u le s .
R ehy d ra tio n  R a t i o : D u p lic a te  10 -gram sam ples o f  th e  q u ick -co o k in g
r i c e  were weighed on a  t o r s i o n  b a l a n c e , p la c e d  in  in d iv id u a l  600-ml pyrex  
b e a k e r s ,  t o  each o f  which was added w a te r .  The b eak e rs  were covered  w ith 
w atch g l a s s e s ,  p la c e d  on e l e c t r i c  h e a te r s  and allow ed t o  b o i l  f o r  5 
m inu tes  a t  212°F. The c o n te n t s  o f  th e  b eak e rs  were th e n  t r a n s f e r r e d  
i n t o  c o r re sp o n d in g  75-ml Buchner fu n n e ls  f i t t e d  w ith  c o a r s e ,  porous 
f i l t e r  p a p e r  and g e n t l e  s u c t i o n  was c a r e f u l l y  a p p l ie d  f o r  o n e - h a l f  to  
one m in u te ,  o r  u n t i l  th e  d r ip  from th e  funne l had a lm ost cea sed .  The 
s o l i d s  from th e  funne l were removed and weighed. The r e h y d r a t io n  r a t i o  
was c a l c u l a t e d  by d iv id in g  th e  w eight o f  th e  i n i t i a l  sample o f  dry q u ick -  
cooking  r i c e .
RESULTS AND DISCUSSION
The m ajor o b j e c t i v e s  in  p ro d u c in g  a s u p e r io r  i n s t a n t  r i c e  by 
p r o c e s s in g  m o d if ic a t io n s  have been a t t a i n e d  d u r in g  th e  perform ance  and 
co m p le tio n  o f  t h i s  p r o j e c t .  The r e s u l t s  p r e s e n te d  h e re  o f f e r  c o n c lu s iv e  
ev id en ce  t h a t  th e  f i n a l  p ro d u c t  i s  s u p e r io r  to  i n s t a n t  r i c e  p r e s e n t ly  
a v a i l a b l e  in  th e  market p l a c e ,  when e v a lu a te d  from th e  s ta n d p o in t  o f  i t s  
c h em ica l ,  p h y s ic a l  and n u t r i t i o n a l  p r o p e r t i e s .
T h is  i n v e s t i g a t i o n  was d e s ig n ed  to  make p ro c e s s  m o d if ic a t io n s  
f o r  p r e p a r in g  a d e h y d ra ted ,  v i z .  p reco o k ed , p o ro u s ,  q u ic k -co o k in g  r i c e  
which may be r e g e n e ra te d  i n t o  a h ig h ly  s a t i s f a c t o r y  and s u p e r io r  p ro d u c t .  
Such a  p ro d u c t  when cooked in  th e  av erag e  k i tc h e n  by a s im p le ,  s ta n d a rd  
cooking  p ro ced u re  shou ld  y i e l d  a f l u f f y ,  t e n d e r ,  t a b l e - r e a d y  r i c e  in  
which th e  g r a in s  s ta n d  a p a r t  in s t e a d  o f  b e in g  cooked i n t o  a s t i c k y ,  
gummy m a te r i a l  c o n s i s t i n g  l a r g e ly  o f  cong lom erates  and broken g r a in s .
The e x p e r im en ta l  d a ta  c o n s i s t e d  o f  p e rc e n t  m o is tu re  u p ta k e ,  p e r ­
c e n t  volume in c r e a s e ,  p e r c e n t  g e l a t i n i z a t i o n ,  p e r c e n t  n u t r i e n t  r e t e n t i o n  
( th ia m in ,  n i a c i n  and i ro n )  and r e h y d r a t io n  r a t i o s  o f  th e  n o n -e n r ic h e d  
and e n r ic h e d  r i c e  groups r e s u l t i n g  from th e  v a r io u s  e f f e c t s  o f  p ro c e s s in g  
c o n d i t i o n s .  These p ro c e s s in g  v a r i a t i o n s  i n c lu d e d : soak in g  in  fo u r  d i f ­
f e r e n t  aqueous media ( d i s t i l l e d  w a te r  and w a te r  c o n ta in in g  1, 3 .5 ,  and 1% 
o f  a 50-50 m ix tu re  o f  sodium c i t r a t e  and ca lc ium  c h lo r id e )  , two d i f f e r e n t  
l e v e l s  o f  w a te r  te m p e ra tu re  d u r in g  so ak in g  (70° and 1 2 2 °F ), and two 
p e r io d s  o f  e la p s e d  time d u r in g  soak in g  (1 and 15 m inutes) fo llow ed  by 
two methods o f  cooking and two methods o f  d ry in g .  The two methods o f
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cooking were: (1) h e a t in g  th e  soaked r i c e  i n  an a u to c la v e  a t  250°F,
15 p s i g ,  f o r  two p e r io d s  o f  e la p s e d  tim e (2 and 3 m in u te s ) ; and 
(2) h e a t in g  i n  h o t  w a te r  a t  two l e v e l s  o f  te m p e ra tu re  (185° and 212°F) 
f o r  3 p e r io d s  o f  e la p s e d  tim e  (5* 10 and 15 m in u te s ) . The two methods 
o f  d ry in g  employed w e re : (1) c o n v e c t iv e  a i r  d ry in g  a t  two r a t e s  o f  a i r  
flow (88 and 120 cfm) and two l e v e l s  o f  a i r  te m p e ra tu re  (180° and 200°F), 
and (2) p a r t i a l  f r e e z e - d r y in g  fo llo w ed  by c o n v e c t iv e  a i r  d ry in g  a t  120 
cfm and 200°F.
The n o n -e n r ic h e d  r i c e  c o n s i s t e d  o f  w h i t e , lo n g - g r a in  Bluebonnet 
v a r i e t y  o f  known h i s t o r y  o b ta in e d  from th e  L o u is ian a  Rice Experiment 
S t a t i o n  in  Crowley, L o u is ia n a .  E nriched  r i c e  was p re p a re d  by mixing 
th o ro u g h ly  99.5% o f  th e  n o n -e n r ic h e d  r i c e  w ith  0.5% prem ix , which i n ­
c luded  e n r ic h e d ,  r i n s e - p r o o f  r i c e  w i th  400 mg o f  th ia m in ,  3200 mg o f  
n i a c i n ,  and 2600 mg o f  i r o n  p e r  pound, an ad h es iv e  and t a l c .  Adding 
0 .5  pounds o f  prem ix to  99 .5  pounds o f  n o n -e n r ic h e d  r i c e  b rough t th e  
m ix tu re  to  t h e  l e v e l  s e t  f o r t h  in  th e  S tan d a rd  o f  I d e n t i t y  f o r  Enriched 
R ice.
The r e s u l t s  o f  th e  s tu d y  fu r n i s h e d  some r e l e v a n t  in fo rm a t io n  r e ­
g a rd in g  th e  e f f e c t s  o f  so ak in g ,  cook ing , and d ry in g  methods on th e  
o v e r a l l  q u a l i t y  o f  q u ic k -co o k in g  r i c e .
S o ak in g : Soaking in c r e a s e s  th e  dep th  and u n i fo rm i ty  o f  th e  m igra­
t i o n  o f  th e  cooking  w a te r  i n t o  th e  r i c e  g r a in .  The r a t e  o f  m ig ra t io n  o f  
soak w a te r  i n t o  th e  r i c e  g r a in  depends upon th e  soak in g  p e r io d  and tem­
p e r a tu r e  o f  t h e  soak w a te r .  Such p e n e t r a t i o n  red u ces  th e  tendency o f  
th e  r i c e  g r a in  t o  d i s i n t e g r a t e  o r  be m u t i l a t e d  from th e  a c t i o n  o f  i n t e r ­
n a l  osm otic  p r e s s u r e  a c t in g  to  b u r s t  th e  r i c e  g ra in s  d u r in g  subsequen t 
b o i l i n g ,  which r e s u l t s  in  s t a r c h  b e in g  l o s t  t o  th e  cooking w a te r .
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A d d it io n  o f  ca lc ium  c h lo r id e  t o  th e  soak w a te r  d e t e r s  ad h es io n  between 
th e  g ra in s  which would cause m u t i l a t i o n  i f  th e  g ra in s  were fo rced  a p a r t .  
Sodium c i t r a t e  in  th e  soak w a te r  a c t s  p r i n c i p a l l y  t o  modify the  p r o te in  
s t r u c t u r e  o f  th e  r i c e  by d i s r u p t io n  and d i s i n t e g r a t i o n .
The d i f f e r e n c e s  in  p e r c e n t  m o is tu re  up take  and p e rc e n t  volume 
in c r e a s e  which r e s u l t  from each v a r i a b l e ,  v i z .  soak ing  tem p e ra tu re  and 
t im e ,  chem ical t r e a tm e n t  o f  th e  n o n -e n r ic h e d  (16 samples) and en r ic h ed  
(16 sam ples) a re  shown i n  Table  I I  and F ig u re s  4 and 5.
The d a ta  i n d i c a t e d  a  maximum p e r c e n t  m o is tu re  up take  o f  28% fo r  
bo th  th e  n o n -e n r ich ed  and e n r ic h e d  groups a t  a soak in g  tem p e ra tu re  o f  
122°F and a 15-m inute soak ing  t im e . Under th e  same soak ing  c o n d i t io n s ,  
th e  minimum p e rc e n t  volume in c r e a s e  f o r  th e s e  two groups was 5 .0 .  The 
maximum p e rc e n t  m o is tu re  up take  (33%), and p e rc e n t  volume in c re a s e  
(4.8%) f o r  th e  c h em ica l ly  t r e a t e d  groups were a t  1.0% chem ical t r e a t ­
ment, 122°F soak ing  te m p e ra tu re  and 15 m inutes  soak ing  tim e . An a n a ly ­
s i s  o f  th e s e  d a ta  shows t h a t  en richm ent o f  th e  r i c e  samples d id  not 
a f f e c t  th e  degree  o f  m o is tu re  u p take  o r  volume in c r e a s e ;  however, samples 
which were ch em ica lly  t r e a t e d  had a lm ost 50% more m o is tu re  up take  than  
th e  c o n t r o l s  soaked u n d er  i d e n t i c a l  c o n d i t io n s  in  d i s t i l l e d  w a te r .  En­
richm ent o r  chem ical t r e a tm e n t  d id  n o t  appear t o  a p p re c ia b ly  a f f e c t  the  
p e rc e n t  volume in c r e a s e .
In c re a s in g  th e  c o n c e n t r a t io n  o f  chem ica ls  in  th e  soak w a te r  from 
1% to  3.5% and 7% d id  n o t  improve e i t h e r  th e  m o is tu re  up take  o r  the  
volume in c r e a s e .  A 1% chem ical s o l u t i o n  d id  a t  l e a s t  as good a job  o f  
a l t e r i n g  the  p e rc e n t  m o is tu re  u p tak e  and p e rc e n t  volume in c re a s e  o f  the  
soaked r i c e  as d id  th e  3.5% o r  7% s o l u t i o n  o f  sodium c i t r a t e - c a l c i u m  
c h lo r id e .
TABLE I I .  The E f f e c t  o f  Soaking on P e rc e n t  M ois tu re  Uptake and P e rc e n t  Volume In c re a s e  o f  Raw Rice 
( t o t a l  sam ples , n o n -en r ich ed  and e n r ic h e d  = 32)
Control 1% Chemical Treatment 3.5% Chemical Treatment 7% Chemical Treatment
Soaking Temp. (°F) 70 122 70 122 70 122 70 122
Soaking Time (min) 1 15 1. 15 1 15 1 15 1 15 1 15 i 15 1 15
Non-Enriched 
Samples, Total 16
% Moisture uptake 9.2 14.0 13.4 28.0 12.0 16.5 14.0 34.0 11.9 15.6 14.0 33.0 11.0 13.0 11.5 33.0
% Volume increase 3.8 4.8 3.8 5.0 3.7 4.7 3.7 4.9 3.5 4.6 3.7 4.8 3.7 4.5 3.6 4.7
Enriched Samples, 
Total 16
% Moisture uptake 9.1 14.0 13.4 28.0 11.9 16.4 14.1 34.0 11.9 15.6 13.9 33.0 11.0 13.0 11.5 33.0
% Volume increase 3.8 4.8 3.8 5.0 3.9 4.6 3.7 4.9 3.5 4.6 3.7 4.7 3.7 4.5 3.6 4.6
Selection: High percent moisture uptake preferred .
High percent volume increase p referred . 
Discard a l l  one-minute samples.
Samples taken for cooking, 8 + 8 = 16.
CnO
51
15 m inute soak time
- 1 minute soak tim e 
122°F soak 
70°F soak
30-
■M
20 -
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a.
%3.5% 71%
P e rc e n t  Chemical T reatm ent
F ig u re  4 . The E f f e c t  o f  T em pera tu re , Chemical T reatm ent and Time on
th e  P e rc e n t  M ois tu re  Uptake During Soaking o f  E n r iched  Rice
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3%-
— 15 m inute so ak in g  tim e
- 1 m inute soak ing  time 
122°F soak
70°F soak
1%n 3.5%
P e rc e n t  Chemical T rea tm en t
F igu re  5. The E f f e c t  o f  T em pera tu re , Time and Chemical T rea tm ent on 
P e rc e n t  Volume In c re a s e  o f  E nriched  Rice
Cooking: The cooking  o f  r i c e  r e s u l t s  e s s e n t i a l l y  in  th e  g e l a t i ­
n i z a t i o n  and s w e l l in g  o f  th e  s t a r c h  g ra n u le s  w i th in  th e  r i c e  endosperm. 
I t  i s  b e l i e v e d  t h a t  th e  i n t e r n a l  s t r u c t u r e  o f  a r i c e  g r a in  may in c lu d e  
an in te g u m e n ta l  web formed by th e  p r o t e i n  components which s e q u e s t e r  th e  
s t a r c h  to  d e t e r  im b ib i t io n  o f  w a te r  by th e  s t a r c h  f o r  g e l a t i n i z a t i o n .  
T h is  p r o t e i n  s h i e l d in g  o f  th e  s t a r c h  i s  b e l ie v e d  to  be r e s p o n s ib le  fo r  
th e  long tim e  o r d i n a r i l y  r e q u i r e d  to  cook r i c e  in  b o i l i n g  w a te r  (14 ) .  
Cooking can be e f f e c t e d  by th e  r i c e  b e in g  p ro c e ss e d  in  h o t  o r  b o i l i n g  
w a te r  a t  a tm o sp h er ic  p r e s s u r e  o r  by th e  r i c e  b e in g  steam ed in  an a u to ­
c la v e .  S teaming th e  r i c e  under  p r e s s u r e  in  an a u to c la v e  i n c r e a s e s  the  
r a t e  o f  g e l a t i n i z a t i o n  and th u s  reduces  th e  h e a t in g  t im e .
The d i f f e r e n c e s  in  p e rc e n t  m o is tu re  u p ta k e ,  p e r c e n t  volume i n ­
c r e a s e  and p e r c e n t  g e l a t i n i z a t i o n  in  n o n -e n r ic h e d  and e n r ic h e d  c o n t r o l s  
and n o n -e n r ic h e d  and e n r ic h e d  ch em ica lly  t r e a t e d  groups due to  each 
cooking  v a r i a b l e ,  v i z . , cooking t im e ,  cooking te m p e ra tu re ,  and cooking 
m ethods, a re  shown in  T ab les  I I I  th rough  V I, and F ig u res  6 th rough  17. 
The d a ta  i n d i c a t e  t h a t  th o s e  groups which had been soaked in  th e  3 .5  and 
7% s o l u t i o n s  o f  sodium c i t r a t e - c a l c i u m  c h lo r id e  were o f  i n f e r i o r  q u a l i t y  
c o n se q u e n t ly  th e s e  groups o f  cooked r i c e  were n o t  i n v e s t i g a t e d  f u r t h e r  
and w i l l  n o t  be in c lu d e d  in  th e  d i s c u s s io n .  The n o n -e n r ic h e d  and en­
r i c h e d  c o n t r o l  groups which were soaked a t  122°F f o r  15 m inutes  were 
100% g e l a t i n i z e d  when cooked under  15 p s ig  o f  p r e s s u r e  and 250°F f o r  3 
m in u te s .
A com parison o f  p e r c e n t  g e l a t i n i z a t i o n s  o f  b o th  th e  e n r ic h e d  and 
n o n -e n r ic h e d  groups when soaked and cooked under d i f f e r e n t  c o n d i t io n s  
i n d i c a t e d  t h a t  cooking th e  soaked r i c e  in  an a u to c la v e  a t  250°F and 15 
p s ig  f o r  3 m inutes  r e s u l t s  in  maximum g e l a t i n i z a t i o n .  S im i la r
TABLE I I I .  The E f f e c t  o f  Cooking on P e rc e n t  M oistu re  Uptake, Volume In c re a s e  R a t io  and P e rc e n t  G e l a t i n i ­
z a t io n  o f  C o n tro l  Group. Soaking t im e : 15 m in u te s , i n  w a te r .  Soaking tem pera tu re^  70
and 122°F. Method o f  Cooking: b o i l i n g  w a te r ;  c o n s ta n t  tem p era tu re  w a te r  b a th ,  185°F;
a u to c la v e ,  250°F and 15 p s ig .
Soaking temperature, 70°F; time, 15' minutes Soaking temperature, !L22°F; time, 15 minutes
Temperature 185°F 212°F 250°'F 185°F 212°F 250°F
Time (min) 5 10 15 5 10 15 2 3 5 10 15 5 10 15 2 3
Non-Enriched Rice
% Moisture uptake 44.7 53.3 64.0 59.3 63.4 75.0 58.3 61.8 48.9 57.2 67.1 62.0 67.0 77.0 63.0 65.0
Volume increase
ra t io 1.8 2.0 2.4 2.2 2.4 2.7 2.1 2.3 1.9 2.1 2.5 2.3 2.5 2.8 2.3 2.6
% G elatin ization 65.0 71.0 79.0 81.0 79.0 88.0 80.0 84.0 70.0 74.0 83.0 77.0 83.0 90.0 86.0 100.0
Enriched Rice
% Moisture uptake 44.5 53.0 63.9 59.2 63.9 75.1 58.2 62.0 48.7 57.2 67.4 61.8 67.1 77.2 62.9 65.0
Volume increase 
ra t io 1.8 1.9 2.4 2.2 2.4 2.7 2.1 2.3 2.0 2.1 2.5 2.2 2.5 2.8 2.3 2.6
% G elatin ization 65.0 70.0 79.0 80.0 80.0 88.0 80.0 84.0 71.0 74.0 83.0 75.0 83.0 92.0 86.0 100.0
C r i te r ia  fo r  Selection: (1) High % g e la t in iz a t io n ,  (2) Moderate moisture uptake, (3) moderate to high volume
increase.
Order of C r i t ic a l  Samples: Cooked a t  250°F for 3 minutes - Soaked a t 122°F for 15 minutes
Cooked a t  250°F for 2 minutes - Soaked a t  122°F for 15 minutes
Cooked at 250°F for 3 minutes - Soaked a t 70°F for 15 minutes
Cooked at 212°F for 10 minutes - Soaked a t  122°F for 15 minutes
Total Samples Selected: The four above samples from both the enriched and non-enriched groups = 8.
TABLE IV. The E f fe c t  o f  Cooking on P e rc e n t  M oistu re  Uptake, Volume In c re a s e  R a t io  and P e rc e n t  G e l a t i n i ­
z a t io n  o f  1% C h e m i c a l l y  T rea te d  R ice. Soaking t im e : 15 m in u te s . in  1% chem ical s o lu t io n .
Soaking te m p e ra tu re :  70° and 122°F. Method o f  Cooking: b o i l i n g  w a te r ;  c o n s ta n t  tem p e ra tu re
w a te r  b a th ,  185°F; a u to c la v e ,  250°F and 15 p s ig .
Temperature 185°F 212°F 250°F 185°F 212°F 250°F
Time (min) 5 10 15 5 10 15 2 3 5 10 15 5 10 15 2 3
'ion-Enriched Rice
% Moisture uptake
Volume increase 
ra t io
47.1
1.8
55.4
2.1
66.0
2.4
61.5
2.3
65.5
2.4
79.2
2.6
60.5
2.1
64.0
2.4
51.0
2.0
59.6
2.2
69.4
2.3
65.0
2.3
69.2
2.5
70.4
2.9
65.2 67.1 
2.4 2.7
% Gelatin ization 68.0 74.0 83.0 79.0 83.0 92.0 85.0 88.0 73.0 78.0 87.0 80.0 87.0 95.0 91.0 100.0
Enriched Rice
Volume increase 
ra t io
% G elatin ization
47.2 55.4 59.9 61.4 65.6 79.3 60.4 64.0 51.3 59.4 69.2 65.0 69.3 79.5 65.1 67.2
*—
• 00 1.9 2.5 2.3 2.4 2.7 2.1 2.4 2.0 2.1 2.5 2.3 2.5 2.9 2.4 2.7
68.0 75.0 83.0 80.0 83.0 92.0 85.0 88.0 74.0 77.0 78.0 80.0 87.0 96.0 91.0 100.0
C r i te r ia  fo r Selection: (1) High % g e la t in iza t io n ,  (2) Moderate moisture uptake, (3) Moderate to high volume
increase.
Order of C r i t ic a l  Samples: Cooked at 250°F fo r 3 minutes - Soaked a t  122°F fo r  15 minutes
Cooked at 250°F for 2 minutes - Soaked at 122°F for 15 minutes
Cooked a t  250°F for 3 minutes - Soaked a t 70°F for 15 minutes
Cooked a t 212°F for 3 minutes - Soaked at 122°F for 15 minutes
Total Samples Selected: (The same four c r i t i c a l  samples from each of the enriched and non-enriched groups were
selected  according to  the c r i t e r i a  fo r  se lec tion ) = 8.
cn
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TABLE V. The E f f e c t  o f  Cooking on P e rc e n t  M ois tu re  Uptake, Volume In c re a se  R a t io  and P e rcen t  G e la t i n i z a ­
t i o n  o f  3.5% Chem ically  T re a te d  R ice. Soaking t im e: 15 m inutes in  3.5% chem ical s o lu t i o n .  
Soaking te m p e ra tu re :  70° and 122°F. Method o f  Cooking: b o i l i n g  w a te r ;  c o n s ta n t  tem pera tu re  
w a ter  b a th ,  185°F; a u to c la v e ,  250°F and 15 p s ig .
Soaking temperature, 70°F; time, 15 minutes Soaking temperature, 122°F; time, 15 minutes
Temperature 
Time (min)
185'*F 212'’F 250°F 185°F 212°F 250 °F
5 10 15 5 10 15 2 3 5 10 15 5 10 15 2 3
Non-Enriched Rice
% Moisture uptake 43. 1 51,,1 52. 1 53. 1 63. 0 71. 3 55. 9 60. 8 44. 2 52.1 52,,5 55. 0 63.2 72.,4 56.4 63.,0
Volume increase 
ra t io 1. 6 1,,9 2. 0 2. 0 2..3 2..7 1.,9 2.,1 1. 7 2.0 2..0 2. 2 2.4 2..8 2.2 2.,4
% Gelatin ization 63. 0 69,.0 70.,0 71. 0 77,.0 88.,0 73.,0 83..0 65. 0 69.0 70..0 72. 0 77.0 85 .0 74.0 90.,0
Enriched Rice
% Moisture uptake 43. 1 50 .9 52.,1 53. 0 63 .1 71,.1 55,.7 61,.0 44. 2 52.0 52 .6 55. 0 63.3 72,.3 56.4 63,.1
Volume increase 
ra t io 1. 6 1,,9 2,.0 2.,0 2,.3 2.,6 1,.9 2,.0 1. 7 2.0 2..1 2.,2 2.5 2,,8 2.2 2..4
% G elatinization 63. 0 69,.0 70..0 71.,0 77,.0 87,,0 72,.0 84,.0 65. 0 69.0 70,.0 72,.0 78.0 89 .0 74.0 91,.0
C r i te r ia  for Selection: (1) High % g e la t in iz a t io n ,  (2) Moderate moisture uptake, (3) Moderate to high volume
inc rease .
No samples from th is  group were acceptable for fu r th e r  processing. The samples were tough, poorly ge la tin ized , and 
had poor moisture uptake percentages; probable cause, high percentage of calcium in the treatment solution.
TABLE VI. The E f f e c t  o f  Cooking on P e rc e n t  M oistu re  Uptake, Volume In c re a se  R a t io  and P e rcen t  G e l a t i n i ­
z a t io n  o f  7% Chem ically  T re a te d  R ice . Soaking t im e : 15 m inutes in  7% chem ical s o l u t i o n .
Soaking tem p e ra tu re :  70° and 122°F. Method o f  Cooking: b o i l i n g  w a te r ;  c o n s ta n t  tem p e ra tu re
w a te r  b a th ,  185°F; a u to c la v e ,  250°F and 15 p s ig .
Soaking temperature, 70°F; time, 15i minutes Soaking temperature, :L22°F; time, 15 minutes
Temperature 185°F 212°F 250°F 185°F 212°F 250°'F
Time (min) 5 10 15 5 10 15 2 3 5 10 15 5 10 15 2 3
Non-Enriched Rice
% Moisture uptake 41.6 43.8 44.1 52.1 62.0 63.5 50.9 59.0 42.3 44.0 45.1 54.0 62.8 63.8 51.2 59.7
Volume increase 
ra t io 1.4 1.5 1.6 1.7 2.1 2.1 1.6 1.9 1.4 1.6 1.6 1.8 2.2 2.3 1.7 1.9
% G elatin ization 60.0 63.0 64.0 70.0 75.0 77.0 68.0 80.0 61.0 63.0 65.0 71.0 75.0 78.0 69.0 82.0
Enriched Rice
% Moisture uptake 41.6 43. 7 44.0 52.3 62.1 63.4 50.8 59.2 42.5 43.9 54.0 54.1 62.8 63.8 51.1 59.7
Volume increase 
ra t io 1.4 1.5 1.6 1.8 2.1 2.1 1.5 1.9 1.5 1.5 1.7 1.8 2.2 2.3 1.7 1.9
% Gelatin ization 60.0 63.0 63.0 70.0 75.0 76.0 68.0 80.0 61.0 63.0 65.0 71.0 75.0 78.0 68.0 82.0
C r i te r ia  for Selection: (1) High % g e la t in iz a t io n ,  (2) Moderate moisture uptake, (3) Moderate to high volume
inc rease .
No samples from th is  group were acceptable for fu r th e r  processing. The samples were tough, poorly ge la t in ized , and 
had poor moisture uptake percentages; probable cause, high percentage of calcium.
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Figure 6. Effect of Time and Temperature on Moisture Uptake in Cooking
Enriched, Water-Soaked Control
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Figure 7. Effect of Time and Temperature on Moisture Uptake in Cooking
1% Chemically Treated, Enriched Rice
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Figure 8. Effect of Time and Temperature on Moisture Uptake in Cooking
3.5% Chemically Treated, Enriched Rice
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Figure 9. Effect of Time and Temperature on Moisture Uptake in Cooking
7% Chemically Treated, Enriched Rice
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Figure 11. Effect of Time and Temperature on Volume Increase
Cooking 1% Chemically Treated, Enriched Rice
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Figure 12. Effect of Time and Temperature on Volume Increase
Cooking 3.5% Chemically Treated, Enriched Rice
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Figure 13. Effect of Time and Temperature on Volume Increase in
Cooking 7% Chemically Treated, Enriched Rice
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Figure 14. Effect of Time and Temperature on Gelatinization in
Cooking Enriched, Water-Soaked Control
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Figure 15. Effect of Time and Temperature on Gelatinization in
Cooking 1% Chemically Treated, Enriched Rice
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Figure 16. Effect of Time and Temperature on Gelatinization in
Cooking 3.5% Chemically Treated, Enriched Rice
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Figure 17. Effect of Time and Temperature on Gelatinization in
Cooking 7% Chemically Treated, Enriched Rice
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o b s e r v a t io n s  were made w ith  r e s p e c t  t o  ch em ica l ly  t r e a t e d  g roups. How­
e v e r ,  th e  p e rc e n t  m o is tu re  u p tak e  and p e r c e n t  volume in c re a s e  (67 .1  and 
100%, r e s p e c t i v e l y )  o f  th e s e  c h em ica l ly  t r e a t e d  groups were found to  be 
s l i g h t l y  h ig h e r  th an  th e  u n t r e a t e d  c o n t r o l  groups which were soaked and 
cooked under  i d e n t i c a l  c o n d i t io n s .  A p paren tly  th e  groups which were 
soaked in  aqueous s o l u t i o n s  o f  sodium c i t r a t e  and ca lc ium  c h lo r id e  had 
a m o d if ied  p r o t e i n  a n d /o r  s t a r c h  component as a  r e s u l t  o f  th e  chem ical 
t r e a tm e n t  which f a c i l i t a t e d  p e n e t r a t i o n  o f  th e  w a te r  i n to  th e  i n t e r i o r  
o f  th e  r i c e  g r a in s  and e x p e d i te d  th e  im b ib i t io n  o f  such w a te r  by the  
s t a r c h  d u r in g  g e l a t i n i z a t i o n .  For o p tim a l d ry in g  and s u p e r i o r  q u ick -  
cooking r i c e ,  i t  i s  d e s i r a b l e  t o  have a h igh  p e r c e n t  g e l a t i n i z a t i o n ,  
m oderate m o is tu re  u p tak e  and m oderate  to  h ig h  p e r c e n t  volume in c r e a s e  
in  th e  cooked p ro d u c t .
D ry ing : The c o n d i t io n s  u n d e r  which a food p ro d u c t  shou ld  be
d r i e d  (d ry in g  t im e ,  t e m p e r a tu r e , amount o f  h e a t  t o  be s u p p l ie d ,  amount 
o f  w a te r  to  be removed, e t c . ) v a ry  g r e a t l y  because  th e  p ro d u c ts  to  be 
d r ie d  a re  v e ry  d i f f e r e n t  from each  o th e r  in  n a tu r e ,  and in  p r o p e r t i e s  
such as shape and d im e n s io n s , w a te r  c o n te n t  and te m p e ra tu re  s e n s i t i v i t y .  
Even when t h e  d ry in g  c o n d i t io n s  a re  f i x e d ,  t h e r e  a re  s t i l l  many p o s s ib l e  
v a r i a t i o n s  in  th e  t e c h n i c a l  e x e c u t io n  o f  th e  p r o c e s s . Economic c o n s id ­
e r a t i o n s  p la y  an im p o r ta n t  r o l e  i n  th e  f i n a l  ch o ice  o f  d e s ig n  and con­
s t r u c t i o n  o f  th e  d r i e r .  When d e s ig n in g  a d r i e r  to  dry  a p a r t i c u l a r  food 
p r o d u c t , i t  i s  v e ry  im p o r ta n t  t o  in s u r e  t h a t  th e  d ry in g  o f  th e  g iven  
food i s  v e ry  u n ifo rm , th e  h e a t  consum ption and th e  d ry in g  tem p era tu re  
a re  v e ry  low, th e  c o n s t r u c t i o n  i s  s im p le  and th e  o p e r a t io n  i s  easy .  Use 
o f  very  h ig h  te m p e ra tu re s  d e s t r o y s  t e m p e r a t u r e - s e n s i t i v e  n u t r i e n t s  and 
causes  case  h a rd e n in g .
71
In  p re p a r in g  q u ic k -c o o k in g  r i c e ,  g e n e r a l ly  th e  d ry in g  o p e r a t io n  
which fo l lo w s  th e  cooking  and r i n s i n g  s te p s  i s  n o t  c r i t i c a l  p ro v id ed  
t h a t  p r e t r e a tm e n t s  o f  th e  g ra in s  and th e  cooking a r e  c a r r i e d  ou t to  
ach ieve  o p tim a l g e l a t i n i z a t i o n  o f  th e  r i c e .  Com m ercially , r i c e  i s  d r ie d  
on b e l t  d r i e r s  where th e  cooked r i c e  i s  loaded  t o  a dep th  o f  about one 
in c h .  Tem perature  and hum id ity  a r e  c o n t r o l l e d  a t  d i f f e r e n t  l e v e l s  in  
d i f f e r e n t  s e c t i o n s  o f  t h e  d r i e r .  The o b je c t  o f  e f f e c t i v e  d ry in g  i s  to  
remove th e  p a r t i c l e  w a te r  from th e  s u r f a c e  o f  th e  g ra in  a t  a r a t e  which 
w i l l  m inimize case  h a rd e n in g  and w i l l  a l s o  p e rm it  w a te r  to  d i f f u s e  
r a p id ly  from th e  i n t e r i o r  s u r f a c e  o f  th e  g r a i n . Shr inkage  must be kep t 
a t  a minimum. However, b e l t  d r i e r s  w ith  t h e i r  r e l a t i v e l y  h ig h  d ry in g  
te m p e ra tu re s  have th e  d is a d v a n ta g e  o f  im p a r t in g  cooked f l a v o r s  and de­
s t r o y in g  th e  th e r m o la b i le  n u t r i e n t s .
The p r e p a r a t i o n  o f  q u ick -co o k in g  r i c e  by f r e e z e - d r y in g  has been 
e x p lo re d  f o r  many y e a r s  b u t  has t r a d i t i o n a l l y  been  c o n s id e re d  to o  expen­
s i v e .  In  a d d i t i o n ,  i t  i s  ve ry  d i f f i c u l t  to  f r e e z e - d r y  r i c e  because  o f  
i t s  u n fa v o ra b le  p h y s i c a l  p r o p e r t i e s  and gel-bound  w a te r .  T h e re fo re ,  a 
com bina tion  o f  f r e e z e - d r y in g  fo llow ed  by th e  c o n v ec t iv e  a i r  d ry in g  ap­
p roach  was used  in  t h i s  s tu d y .
The v a r i a t i o n s  in  volume r a t i o ,  d u m p in e s s  and b reakage  in  th e  
n o n -e n r ic h e d  and e n r ic h e d  c o n t r o l  groups and th e  c h em ica lly  t r e a t e d  (7%), 
e n r ic h e d  and n o n -e n r ic h e d  groups due t o  each v a r i a b l e  ( c o n v e c t iv e  a i r  
d ry in g — a i r  flow  88 and 120 cfm, a i r  tem p e ra tu re  180° and 200°F; and 
f r e e z e - d r y in g  fo l lo w ed  by c o n v ec t iv e  a i r  d ry ing ) a re  p re s e n te d  in  
T ables  VII and V I I I .  H ig h e s t  volume r a t i o  (1 .5 - 1 .6 )  , minimum d u m p in e s s  
and b reakage  (<5%) were observed  in  th e  n o n -e n r ic h e d  and e n r ic h e d  con­
t r o l  groups when th e y  were d r ie d  by c o n v ec t iv e  a i r  d ry in g  a t  120 cfm a i r
TABLE VII. The E f f e c t  o f  C onvective A ir  Drying V a r ia b le s  on Volume R a t io ,  Clumpiness and Breakage in  
Cooked Rice
Sample No 1 2 3 4 5 6 7 8
A ir Flow A ir  Tem perature (°F)
(cfm) 180 200 180 200 180 200 180 200 180 200 180 200 180 200 180 200
Water Soaked 
Volume r a t i o
(1-4 n o n -e n r ic h e d ,  5-8 en r ic h ed )
88 1 .4  1 .5  1.4 1.4 1 .4 1 .4 1 .4 1 .4 1 .4 1.5 1.4 1.4 1 .4 1.4 1.4 1.4
120 1.5 1.6 1.4 1.5 1.4 1.5 1.5 1.6 1.6 1 .6 1.4 1.5 1 .4 1.5 1.5 1 .6
Clumpiness 88 + 4- 4 - 4* 4 - 4 - 4- 4 - + 4 - 4- 4 * 4- 4 - 4 - 4- 4* 4* 4" 4- 4- 4- 4- 4- 4- 4* 4 - 4-120 4- 4- + 4 - 4- 4 - 4* 4 - 4 - 4- 4* 4 - 4- *$-4 - 4 - 4- 4 - 4- 4- 4 - 4 - 4- 4- 4- 4- 4* 4- 4 - 4-
Breakage 88 4- 4 - 4" <5 4- <5 + 4- 4 -  4- 4- 4- 4 - 4 - <5 4* 4-120 <5 <5 <5 <5 <5 <5 4* <5 4* <5 <5 <5 <5 <5
Samples: non 
Volume r a t i o
-e n r ic h e d
88
0 4 ) ,
1.6
e n r ic h e d  
1 .6  1 .5
(5-8)
1.5
, 1% 
1.5
chem ical 
1 .5  1 .5
tre a tm e n t  
1 .4  1 .6
in  soak ing  
1 .6  1.5 1.5 1.5 1.5 1.5 1.4
120 1.7 2 .0 1.7 1 .8 1.6 1 .7 1.5 1 .7 1 .7 2.0 1 .6 1 .8 1 .6 1 .7 1.5 1 .7
Clumpiness 88 + 4 - 4- 4* 4- 4- 4- 4-
4- 4- 4 - 4 - 4- 4- 4-
120 4* <5 4- 4* 4- + 4 * 4- 4- <5 4- 4- 4- 4- 4- 4-
Breakage 88 4- 4 - <5 4 - + + 4- 4- 4* 4- <5 4- + 4- 4-
C r i t e r i a  f o r  s e l e c t i o n  f o r  f u r t h e r  p r o c e s s in g :  h igh  volume r a t i o ,  low d u m p in e ss  and b reak ag e . Number
o f  samples s e l e c t e d  f o r  f u r t h e r  p ro c e s s in g :  10 + 10 = 20 (u n d e r l in e d  sam ples) .
Clumpiness and breakage r a t i n g :  <5%; 5-25% = +; 25-75% = ++; 75-100% = +++.
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TABLE V I I I .  The E f f e c t  o f  F reeze-D ry ing  and C onvective  A ir  Drying on 
Volume R a t io ,  d u m p in e s s  and Breakage in  Cooked R ice. 
F r e e z e -d r y  c o n d i t io n s :  p r e s s u r e ,  60 m ic rons ; tem pera ­
t u r e ,  40°F. Cooked samples were f r e e z e - d r i e d  t o  20% mois­
t u r e  fo l lo w ed  by co n v ec t iv e  a i r  d ry in g  a t  200°F and an 
a i r  flow v e l o c i t y  o f  120 cfm u n t i l  t h e  m o is tu re  reach ed  
12%.
Sample Number
1 2 3 4 5 6 7 8
W ater Soaked
Volume r a t i o 2 .0 1 .8 1 .6 1.7 2 .0 1 .8 1 .6 1 .7
Clumpiness <5 <5 <5 <5 <5 <5 <5 <5
Breakage <5 <5 <5 <5 <5 <5 <5 <5
Chemical Soaked 1%
Volume r a t i o 2 .2 2 .0 2 .0 1.9 2 .2 2 .0 2 .0 1.9
Clumpiness <5 <5 <5 <5 <5 <5 <5 <5
Breakage <5 <5 <5 <5 <5 <5 <5 <5
Number o f  sam ples s e l e c t e d  f o r  f u r t h e r  p r o c e s s in g :  4 + 4 = 8  (u n d e r­
l i n e d  s a m p le s ) .
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flow and 180° and 200°F d ry in g  te m p e ra tu re s .  However, under th e  same 
d ry in g  methods and c o n d i t i o n s ,  th e  ch em ica l ly  t r e a t e d  groups showed 
h ig h e r  volume r a t i o s  th an  th e  r e s p e c t iv e  c o n t r o l s . From th e s e  d a ta  i t  
appea rs  t h a t  e n r ic h in g  th e  r i c e  d id  n o t  a f f e c t  th e  volume r a t i o s .  Chemi­
c a l  t r e a tm e n t  (1%) o f  th e  r i c e  d id  r e s u l t  i n  an in c r e a s e d  volume r a t i o .
The h ig h e s t  volume r a t i o  (2 .0 )  f o r  th e  n o n -e n r ic h e d  and e n r ic h e d  
c o n t r o l  groups and (2 .2 )  f o r  c h em ica l ly  t r e a t e d  e n r ic h e d  and non­
e n r ic h e d  groups were o bserved  when th e  cooked sam ples were f r e e z e - d r i e d  
fo l lo w ed  by c o n v e c t iv e  a i r  d ry in g .  Clumpiness and b reak ag e  were main­
t a i n e d  a t  th e  same l e v e l  (<5%). These d a ta  i n d i c a t e  t h a t  a com bina tion  
o f  f r e e z e - d r y in g  fo llow ed  by c o n v e c t iv e  a i r  d ry in g  o f  th e  cooked r i c e  
r e s u l t s  in  an in c r e a s e d  volume r a t i o  (2 .2  to  2 .0 )  , which i s  a d e s i r a b l e  
a t t r i b u t e  i n  q u ic k -co o k in g  r i c e .  The cooked r i c e  which i s  f ro z e n  p r i o r  
t o  f r e e z e - d r y in g  i s  somewhat l e s s  s t i c k y  and has  b e t t e r  d ry  flow c h a ra c ­
t e r i s t i c s  th a n  th e  c o n v e n t io n a l ly  d r i e d  r i c e  p r o d u c t . The f r e e z in g  p ro ­
cess  appea rs  t o  toughen th e  g e l  s t r u c t u r e s  to  a c o n s id e r a b le  e x t e n t ,  
th u s  re d u c in g  th e  extrem e s t i c k i n e s s  o f  some o f  th e  s t a r c h - g l u t e i i n  gel 
complexes which r e s u l t  from th e  p re -c o o k in g  p r o c e s s ; i n  a d d i t i o n  t h e r e  
i s  a  c o a g u la t io n  and s h r in k in g  o f  th e  s t a r c h  g e l  and th e  g l u t e l i n s .
These g l u t e l i n s  become h y d ra te d  t o  a c o n s id e r a b le  d eg ree  under th e  f r e e z ­
in g  c o n d i t i o n s . The c o a g u la t io n  r e l e a s e s  f r e e  w a te r  i n t o  th e  vo ids  
which a re  opened by c o a g u la t io n  and s h r in k a g e ,  and th e  l i b e r a t e d  w a te r  
m ig ra te s  and in c r e a s e s  th e  s i z e  o f  any ic e  c r y s t a l  m ucle i which a re  
p r e s e n t .  The f r e e z i n g  p ro c e ss  th u s  l i b e r a t e s  w a te r  from th e s e  ge ls  
w h ile  p a r t i a l l y  d e n a tu r in g  th e  p r o t e i n  l a t t i c e .  T h is  s u f f i c i e n t l y  r e ­
duces th e  tendency  o f  th e  i n d iv id u a l  g ra in s  to  s t i c k  t o g e t h e r ,  and to  
mash and b reak  a t  th e  s l i g h t e s t  p r e s s u r e . During f r e e z e - d r y in g  a l l  th e
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liberated water formed into ice crystals is removed in the vapor state 
without passing through the liquid state. This thus avoids rehydration 
of the starch during thawing and the resultant collapsing of the gran­
ules, starch granule breakage and the production of a more sticky and 
pasty final product.
R eh y d ra tio n: The re h y d ra t io n  o f  a d e h y d ra ted  food p ro d u c t  i s  too
o f t e n  ta k e n  f o r  g ra n te d ;  no t i n f r e q u e n t ly  i t  t u r n s  o u t  to  be d i f f i c u l t  
and th e  r e s u l t a n t  p ro d u c t  q u i t e  u n s a t i s f a c t o r y .  One c o u ld  p ro b ab ly  
a s s e r t  t h a t  no animal o r  v e g e ta b le  t i s s u e  has e v e r  been  d r i e d  co m ple te ly  
w i th o u t  i r r e v e r s i b l y  l o s in g  some o f  i t s  o r i g i n a l  p r o p e r t i e s .  P r a c t i c a l  
c o n s id e r a t io n s  o f  d ry in g  a re  t o  a l a r g e  e x te n t  governed by th e  n e c e s s i t y  
f o r  m in im izing  t h i s  damage. Indeed th e  re a so n  f r e e z e - d r y in g  was such an 
im p o r ta n t  new developm ent was t h a t  f r e e z e - d r i e d  p ro d u c ts  r e h y d ra te  
q u ic k ly  and assume m o is tu re  c o n te n t s  and p h y s ic a l  p r o p e r t i e s  somewhat 
s i m i l a r  t o  th e  o r i g i n a l  p r o p e r t i e s .
High d ry in g  tem p e ra tu re  can be d e t r i m e n t a l . I t  has  been r e p o r te d  
(34) t h a t  some food p ro d u c ts  such as c a r r o t  s l i c e s  d r i e d  a t  200°F showed 
a r e d u c t io n  in  r a t e  and maximum degree  o f  r e h y d r a t i o n .  The lo n g e r  th e  
h ig h  te m p e ra tu re  was c o n t in u e d ,  th e  lower was th e  r e h y d r a t io n  r a t i o . In 
a d d i t i o n ,  d ry in g  th e  food p ro d u c t  u n d e r  u n fa v o ra b le  c o n d i t io n s  d e s t ro y s  
th e  c e l l  w a l l s  and th e  s w e l l in g  power o f  th e  s t a r c h ,  b o th  o f  which a re  
im p o r ta n t  f o r  good r e h y d r a t io n . A c a r e f u l l y  p lan n ed  p ro ced u re  i s  th u s  
n e c e s s a ry  b o th  f o r  d ry in g  and r e h y d ra t io n  i f  th e  food i s  t o  be s u c c e s s ­
f u l l y  r e c o n s t i t u t e d .
The r e h y d r a t io n  r a t i o s  o f  n o n -e n r ic h e d  and e n r ic h e d  c o n t r o l  groups 
and c h em ica l ly  t r e a t e d  n o n -e n r ic h e d  and e n r ic h e d  groups d r i e d  by
c o n v e c t iv e  a i r  d ry ing  a re  p re s e n te d  in  T ab le  IX. C hem ically  t r e a t e d  
f r e e z e - d r i e d  groups showed a maximum re h y d r a t io n  r a t i o  o f  2 .2 ,  whereas 
c h em ica l ly  t r e a t e d  c o n v ec t iv e  a i r  d r i e d  groups reached  a maximum re h y d ra ­
t i o n  r a t i o  o f  2 .0 .  A r e h y d ra t io n  r a t i o  range  o f  1 .7  to  1 .9  was o b ta in e d  
i n  c o n t r o l l e d  n o n -e n r ic h e d  and e n r ic h e d  groups which were n o t  c h em ica lly  
t r  a t e d .  From th e s e  d a ta  i t  appeared  t h a t  en richm ent d id  no t s i g n i f i ­
c a n t l y  a f f e c t  th e  r e h y d ra t io n  r a t i o s .  However, chem ical t r e a tm e n t  and 
p a r t i a l  f r e e z e - d r y in g  improved th e  r e h y d r a t io n  r a t i o s  o f  th e  q u ick -  
cooking  r i c e .
O rg a n o le p t ic  E v a lu a t io n : The o r g a n o le p t ic  e v a lu a t io n  f o r  c o lo r ,
c o h e s iv e n e s s ,  o f f  f l a v o r  and doneness was perform ed  on a  t o t a l  o f  28 
groups o f  r e h y d ra te d ,  cooked r i c e . The t e s t  groups c o n s i s t e d  o f  20 r i c e  
samples s e l e c t e d  from c o n v ec t iv e  a i r  d ry in g  (10 n o n -e n r ic h e d  and en­
r i c h e d  c o n t r o l  groups and 10 ch em ica lly  t r e a t e d  n o n -e n r ic h e d  and en­
r i c h e d  groups) and 8 samples from p a r t i a l  f r e e z e - d r y in g .  The s e l e c t i o n  
o f  t h e s e  t e s t  groups was b a sed  upon t h e i r  s u p e r i o r  q u a l i t y  w ith  r e s p e c t  
t o  maximal p e r c e n t  volume in c r e a s e ,  p e rc e n t  m o is tu re  u p tak e  and m o is tu re  
u p tak e  c h a r a c t e r i s t i c s , maximal p e r c e n t  g e l a t i n i z a t i o n  and minimum 
d u m p in e s s  and b reak ag e . The t a s t e  p an e l  c o n s i s t e d  o f  5 i n d i v i d u a l s , 
a l l  o f  whom were males between 20 and 30 y e a r s  o ld .  The p a n e l i s t s  were 
p r e s e n te d  w ith  fo u r  t e s t  groups and one c o n t r o l  (com m erc ia lly  a v a i l a b l e  
A 5 P i n s t a n t  r i c e )  a t  a tim e (7 s e s s i o n s  f o r  28 sam ples) f o r  e v a lu a t io n  
b a se d  on a  hedon ic  s c a l e  f o r  c o lo r ,  c o h e s iv e n e s s ,  o f f  f l a v o r  and done- 
ness  (see  T ab le  X f o r  s c a l e  and ju d g e s '  r a t i n g s ) . During th e  t e s t  
p e r i o d ,  o r a l  and v i s u a l  communication were r e s t r i c t e d .
77
TABLE IX, The E f f e c t  o f  P ro ce s s in g  V a r ia b le s  on R ehydra tion  R a t io s  o f  
I n s t a n t  Rice
Samples
N on-enriched E nriched
1 2 3 4 5 6 7 8 9 10
C onvec tive  A ir  D ried  Samples
W ater soaked 1 .9  1 .8  1 .7  1 .8  1 .7 1.9  1 .8  1 .7  1 .8  1 .7
1%s o S Cal 2 -°  2 - °  X-9 ! - 9 1 -9 2 .0  2 .0  1 .9  1 .9  1.8
F ree z e -D r ied  + C onvec tive  A ir  D ry in g :
1% Chemical t r e a tm e n t  ( 1 , 2 , 5 , 6 ) ;  Water soaked ( 3 ,4 ,7 ,8 )
2 . 2  2 . 1  2 . 0  2 . 0 2 . 2  2 . 1  2 . 0  2 . 0
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TABLE X. O rg a n o le p t ic  Score Sheet f o r  Cooked I n s t a n t  R ice. Scores  a re  
av erag es  o f  r a t i n g s  by f i v e  ju d g e s .
Sample
1 2 3 4 5
COLOR 
9. White 
7. Cream 
5. G rey-yellow  
3. Tan 
1. Brown
9 9 9 9 9
COHESIVENESS 
9. W e l l - s e p a ra te d  g ra in s  
7. P a r t i a l l y  s e p a ra te d  
5. S t ic k y  
3. Very s t i c k y  
1. P a s ty
9 9 7.5 7 .5 8
OFF FLAVOR 
9. None
7. P e r c e p t ib l e  
5. S l i g h t l y  s t r o n g  
3. M oderate ly  s t ro n g  
1. Very s t r o n g
9 9 8 8 8
DONENESS 
9. Underdone 
7. S l i g h t l y  underdone 
5. Done
3. S l i g h t l y  overdone 
1. Overdone
5 5 6 .5 6 .5 4 .5
Sample #1—C hem ically  t r e a t e d  raw r i c e ,  soaked a t  122°F f o r  15
m inutes and cooked by a u to c la v e  a t  250°F f o r  3 m inutes 
b e fo re  f r e e z e - d r y in g  and co n v ec t iv e  a i r  d ry in g .
Sample #2--Same as Sample #1, e x cep t  no chem ical t r e a tm e n t .
Sample #3--Same as Sample #1, ex cep t  c o n v ec t iv e  a i r  d r ie d  o n ly .
Sample #4--Same as sample #3, excep t no chem ical t r e a tm e n t .
Sample #5--Commercially available enriched instant rice.
A f te r  a n a ly se s  and com parison o f  th e  raw d a ta  o b ta in e d  from the  
seven  t a s t e - t e s t i n g  s e s s i o n s ,  th e  fo u r  t e s t  groups o f  r i c e  which had 
re c e iv e d  th e  h ig h e s t  o r g a n o le p t i c  s c o re s  were s e t  a s id e  f o r  n u t r i e n t  
a n a ly s e s .  The fo u r  t e s t  groups which were r a t e d  s u p e r io r  in  a l l  a t t r i ­
b u te s  in  th e  d escend ing  o r d e r  w ere: (1) ch em ica lly  t r e a t e d  raw r i c e ,
soaked a t  122°F f o r  15 m inutes  and cooked by a u to c la v in g  a t  250°F fo r  
3 m inutes  fo llow ed  by p a r t i a l  f r e e z e - d r y in g  and c o n v ec t iv e  a i r  d ry in g ;  
(2) same as Group 1 b u t  w ith  no chem ical t r e a tm e n t ;  (3) same as Group 1 
ex cep t  th e  cooked r i c e  was d eh y d ra ted  in  a c o n v e c t iv e  a i r  d r i e r ;
(4) same as Group 3 e x cep t  w ith  no chem ical t r e a tm e n t .  Group 5 r e p r e ­
s e n te d  com m ercially  a v a i l a b l e  A § P b ran d  e n r ic h e d  i n s t a n t  r i c e .
An in s p e c t io n  o f  o r g a n o le p t i c  s c o re s  r e c e iv e d  by th e  fo u r  t e s t  
groups and one c o n t r o l  group in d i c a t e d  t h a t  t h e r e  was l i t t l e  o r  no d i f ­
f e re n c e  i n  te rm s o f  c o lo r .  A ll  samples were w h ite  to  th e  same e x te n t  
and r e c e iv e d  th e  h ig h e s t  o r g a n o le p t i c  s c o r e .  However, in  te rm s o f  co­
h e s iv e n e s s ,  o f f  f l a v o r  and doneness , th e  t a s t e  p a n e l i s t s  r a t e d  Groups 
1 and 2 as s u p e r io r  to  Groups 3, 4 , and 5. These s c o re s  i n d i c a t e  t h a t  
Groups 1 and 2 were w e ll  s e p a r a te d  w ith  no o f f  f l a v o r  and were cooked to  
p e r f e c t  doneness . The o r g a n o le p t i c  r e s u l t s  i n d i c a t e  t h a t  ch em ica lly  
t r e a t e d  raw r i c e ,  soaked a t  122°F f o r  15 m in u te s ,  cooked in  an a u to c la v e  
a t  250°F f o r  3 m inutes  and fo llow ed  by a com bina tion  o f  f r e e z e - d r y in g  
and c o n v ec t iv e  a i r  d ry in g  p roduces  a  s u p e r io r  q u ick -co o k in g  r i c e .  When 
compared t o  Group 1, Groups 2, 3, 4 and 5 were second , t h i r d ,  f o u r th ,  
and f i f t h  b e s t  p ro d u c ts .
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N u tr ie n t  A n a ly se s : In th e  p r e p a r a t io n  and p ro d u c t io n  o f  qu ick -
cooking r i c e  th e  methods and c o n d i t io n s  o f  so a k in g ,  cooking and d ry ing  
have a  c o n s id e ra b le  e f f e c t  on th e  p e r c e n t  r e t e n t i o n  o f  n u t r i e n t s  in  the  
f i n i s h e d  p ro d u c t .  Kik and W illiam s (38) in  t h e i r  d i s c u s s io n  o f  r i c e  
co okery , p o in t  o u t  t h a t  r i n s i n g ,  so ak in g , cooking and d ry in g  methods so 
p ro fo u n d ly  d e p le te  th e  n u t r i e n t  c o n te n t  o f  r i c e  t h a t  th e  mode o f  manu­
f a c t u r i n g  becomes one o f  th e  prim e c o n s id e r a t io n s  re g a rd in g  th e  f e a s i ­
b i l i t y  o f  e f f e c t i v e  n u t r i t o n a l  improvement o f  q u ick -co o k in g  r i c e .  Cook­
ing  th e  r i c e  g ra in s  d e s t r o y s  a h ig h  p e rc e n ta g e  o f  th e  t o t a l  th ia m in .  
Soaking p e r  se  does n o t  le a d  t o  l o s s e s ,  b u t  much th ia m in  may be l o s t  i f  
th e  soak w a te r  volume r a t i o  and te m p e ra tu re  a re  n o t  p r o p e r ly  a d ju s te d .
The n u t r i e n t  a n a ly s e s  f o r  th ia m in ,  n i a c i n  and i ro n  were perform ed 
on a t o t a l  o f  s i x  groups o f  i n s t a n t  r i c e .  The t e s t  groups c o n s i s t e d  o f  
4 q u ick -co o k in g  r i c e  samples which r e c e iv e d  th e  h ig h e s t  o r g a n o le p t ic  
s c o r e s ,  and one each o f  e n r ic h e d  and n o n -e n r ic h e d  sam ples . The e n r ic h ed  
and n o n -e n r ic h e d  groups were an a ly zed  to  de te rm ine  th e  v a r i a t i o n s ,  i f  
any, i n  th e  v a lu es  o f  th ia m in ,  n ia c in  and i r o n  from th e  t h e o r e t i c a l  d a ta  
o b ta in e d  by mixing 0 .5  pounds o f  premix to  99.5  pounds o f  raw r i c e .  The 
o th e r  fo u r  groups were ana ly zed  to  d e te rm ine  th e  e f f e c t  o f  d i f f e r e n t  
so ak in g ,  cooking and d ry in g  c o n d i t io n s  on th e  p e rc e n t  n u t r i e n t  r e t e n t i o n  
and a v a i l a b i l i t y  in  th e s e  qu ick -cooked  r i c e  samples which u l t i m a t e l y  
reach  th e  consum er 's  t a b l e .  The r e s u l t s  o f  th e  a n a ly se s  a re  p re s e n te d  
in  Table XI.
An exam ination  o f  th e se  d a ta  i n d i c a t e d  Group 1 (c h em ica l ly  
t r e a t e d  raw r i c e ,  soaked a t  122°F f o r  15 m inutes and cooked in  an a u to ­
c lav e  a t  250°F f o r  3 m inutes fo llow ed  by a com bination  o f  f r e e z e - d r y in g  
and c o n v ec t iv e  a i r  d ry ing )  c o n ta in e d  th e  maximum amounts o f  th iam in
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TABLE XI. The E f f e c t  o f  P ro ce ss in g  on th e  N u t r i t i v e  Value o f  I n s t a n t  
Rice
Raw E nriched Group1 2 3 4
T hiam in , yg /g 0 .72 2.1 2.00 1.90 1.40 1.25
N ia c in ,  y g /g 14.0 31.0 27.4 23.1 16.5 14.8
I r o n ,  y g /g 1.6 27.0 25.1 25.0 24.9 24.9
Group 1 - -C hem ica lly  t r e a t e d  raw r i c e ,  soaked a t  122°F f o r  15 m inutes  
and cooked by a u to c la v e  a t  250°F f o r  3 m inutes  b e fo re  
f r e e z e - d r y in g  and c o n v ec t iv e  a i r  d ry in g .
Group 2--Same as Group 1, excep t no chem ical t r e a tm e n t .
Group 3--Same as Group 1 , e xcep t c o n v ec t iv e  a i r  d r ie d  on ly .
Group 4--Same as Group 3, except no chemical treatment.
(2 .0  y g / g ) ,  n i a c i n  (2 7 .4  y g /g ) ,  and i r o n  (25 .1  y g /g ) .  However, Groups 
3 and 4 ,  which were d r i e d  by c o n v ec t iv e  a i r  d ry in g  a lo n e ,  showed c o n s id ­
e r a b ly  low er v a lu e s  o f  th iam in  (1 .25  to  1.40 y g /g ) ,  n i a c i n  (14 .8  to  
16 .5  yg /g )  and i r o n  (2 4 .9  y g /g ) .  These r e s u l t s  i n d i c a t e  t h a t  p a r t i a l l y  
f r e e z e - d r y in g  th e  cooked r i c e  reduced  th e  n u t r i e n t  lo s s e s  d u r in g  th e  
p r e p a r a t i o n  o f  q u ic k -c o o k in g  r i c e .
SUMMARY
T his  i n v e s t i g a t i o n  was des ig n ed  to  develop  i n d u s t r i a l l y  a p p l i ­
cab le  methods f o r  th e  p ro d u c t io n  o f  a q u ick -co o k in g  r i c e  w ith  p r e s e ­
l e c t e d  p r o p e r t i e s .  The end p ro d u c t  shou ld  have th e  normal appearance 
o f  p r e s e n t l y  a v a i l a b l e  commercial r i c e ,  w ith  g ra in s  n o t a p p re c ia b ly  d i f ­
f e r e n t  in  s i z e  from unm odified  r i c e .  Such r i c e  shou ld  have s u b s ta n ­
t i a l l y  th e  same c h a r a c t e r i s t i c s  o f  s w e l l in g  as  n a t u r a l  r i c e ,  and when 
f i n a l l y  cooked sh o u ld  have f l a v o r ,  t e x t u r e ,  t a s t e  and appearance  very  
s i m i l a r  t o  i d e a l l y  cooked c o n v en t io n a l  m i l l e d  r i c e .  The p r o c e s s in g  
methods used f o r  th e  p r e p a r a t i o n  o f  such q u ick -co o k in g  r i c e  must have a 
minimum o f  d e t r im e n ta l  e f f e c t s  on th e  n u t r i e n t s .
The m o d if ied  p ro c e ss  which has r e s u l t e d  from t h i s  r e s e a rc h  i n ­
c o rp o ra te d  chem ical t r e a tm e n t  o f  raw r i c e  fo llow ed  by c o n v ec t iv e  a i r  
and f r e e z e - d r y in g .
Raw, w h ite ,  l o n g -g r a in  B luebonnet r i c e  o f  known h i s t o r y  o b ta in e d  
from th e  L o u is ian a  Rice Experim ent S t a t i o n  in  Crowley, L o u is ia n a ,  was 
used  in  t h i s  i n v e s t i g a t i o n .  Both n o n -e n r ic h e d  and e n r ic h e d  r i c e  were 
s tu d ie d .  The e n r ic h e d  r i c e  was p re p a re d  by th o ro u g h ly  mixing 99.5% o f  
th e  n o n -e n r ic h e d  r i c e  w ith  0.5% prem ix , an e n r ic h e d ,  r i n s e - p r o o f  r i c e  
w ith  400 mg o f  th ia m in ,  3200 mg o f  n i a c i n  and 2600 mg o f  i r o n  p e r  pound, 
p lu s  an ad h es iv e  and t a l c .
R e p re s e n ta t iv e  sam ples o f  th e  m i l l e d ,  u n en r ich ed  r i c e ,  th e  en­
r ic h e d  r i c e  and fo u r  s e l e c t e d  groups o f  f i n i s h e d  qu ick -co o k in g  r i c e  
were an a ly zed  f o r  th ia m in ,  n i a c i n  and i r o n  c o n te n t .
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The l a b o r a to r y  o p e r a t io n s  f o r  th e  p r e p a r a t io n  o f  op tim al q u a l i t y  
q u ic k -co o k in g  r i c e  in c lu d e d  f iv e  m ajor s t e p s - - s o a k in g ,  cooking , d ry in g ,  
r e h y d r a t io n  and o r g a n o le p t i c  e v a lu a t io n s .
The e f f e c t s  o f  fo u r  aqueous so ak in g  m e d i a - - d i s t i l l e d  w a te r ,  and 
w a te r  c o n ta in in g  1, 3 .5  and 7% o f  a 50-50 m ix tu re  o f  sodium c i t r a t e  and 
ca lc ium  c h l o r i d e - - to g e t h e r  w ith  two l e v e l s  o f  w a te r  te m p e ra tu re  d u r in g  
so ak in g  (70° and 122°F) and two p e r io d s  o f  e la p s e d  tim e d u r in g  soak ing  
(one m inute  and 15 m inu tes)  were chosen f o r  s tu d y  in  th e se  e x p e r im e n ts . 
The d a ta  i n d i c a t e d  t h a t ,  w i th o u t  e x c e p t io n ,  th e  15-minute p e r io d  o f  
soak ing  y ie ld e d  b e t t e r  p ro d u c ts  in  te rm s o f  p e r c e n t  w a te r  u p take  and 
p e r c e n t  volume in c r e a s e  th a n  th e  one-m inu te  p e r io d  o f  soak ing .
A liq u o ts  o f  th e  16 groups o f  r i c e  t h a t  had been soaked f o r  a 
p e r io d  o f  15 m inutes were s u b je c te d  to  two methods o f  cooking:
(1) h e a t in g  i n  an a u to c la v e  a t  250°F a t  15 p s ig  f o r  two e la p se d  tim e 
p e r io d s ,  2 and 3 m in u te s ;  and (2) h e a t in g  in  w a te r  a t  two l e v e l s  o f  
tem p e ra tu re  (185° and 212°F) f o r  t h r e e  p e r io d s  o f  e lap se d  t im e ,  5, 10, 
and 15 m inu tes .  I t  was found t h a t  in  term s o f  p e rc e n t  m o is tu re  u p tak e ,  
p e r c e n t  volume in c r e a s e  and p e r c e n t  g e l a t i n i z a t i o n ,  cooking th e  soaked 
r i c e  in  an a u to c la v e  a t  250°F f o r  3 m inutes was optimum. The f in d in g s  
a l s o  i n d i c a t e  t h a t  th e  0.5% c o n te n t  o f  prem ix had no s i g n i f i c a n t  e f f e c t  
on th e  cooking q u a l i t i e s  o f  th e  v a r io u s  r i c e  groups.
The m o is tu re  c o n te n t  o f  th e  s e l e c t e d  16 cooked r i c e  groups was 
reduced  to  12-14% by employing (1) c o n v ec t iv e  a i r  d ry in g  (two r a t e s  o f  
a i r  f low , 88 and 120 cfm, and two a i r  te m p e ra tu re s ,  180° and 212°F) and
(2) p a r t i a l  f r e e z e - d r y in g  fo llo w ed  by co n v ec t iv e  a i r  d ry in g  a t  120 cfm 
and 200°F. The d a ta  i n d i c a t e d  t h a t  th e  p a r t i a l  f r e e z e - d r y in g  o f  the  
cooked r i c e  r e s u l t e d  in  maximal p e r c e n t  m o is tu re  u p ta k e ,  and p e rc e n t
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volume in c r e a s e  w ith  minimal d u m p in e s s  and b reakage  in  th e  dry  p r o d u c t . 
The chem ical t r e a tm e n t  appeared  t o  enhance th e s e  d e s i r a b l e  a t t r i b u t e s .
Each o f  th e  28 groups o f  d r i e d  r i c e  o b ta in e d  by c o n v ec t iv e  a i r  
and f r e e z e - d r y in g  was r e h y d ra te d  by h e a t in g  in  h o t  w a te r  a t  212°F f o r  a 
p e r io d  o f  5 m in u te s . The r e s u l t s  o b ta in e d  in d ic a te d  t h a t  enrichm ent 
d id  n o t  s i g n i f i c a n t l y  a f f e c t  th e  r e h y d r a t io n  r a t i o s . However, chem ical 
t r e a tm e n t  and p a r t i a l  f r e e z e - d r y in g  improved th e  r e h y d r a t io n  r a t i o s .
The re h y d ra te d  p ro d u c ts  (28 groups) were e v a lu a te d  o r g a n o le p t i ­
c a l l y  w ith  r e s p e c t  t o  c o l o r ,  c o h e s iv e n e s s ,  o f f - f l a v o r  and doneness by a 
p a n e l  o f  f iv e  ju d g e s . The p ro d u c t  t h a t  was ch em ica lly  t r e a t e d ,  soaked 
a t  122°F f o r  15 m inutes  and cooked in  an a u to c la v e  a t  250°F f o r  3 
m inutes fo l lo w ed  by a com bina tion  o f  f r e e z e - d r y in g  and c o n v ec t iv e  a i r  
d ry in g  r e c e iv e d  th e  h ig h e s t  s c o r e  i n  a l l  o f  th e  o r g a n o le p t i c  a t t r i b u t e s . 
Groups 2 , 3, and 4 r e c e iv e d  low er s c o re s  (Group 2--same as Group 1 bu t 
n o t  c h em ica lly  t r e a t e d ;  Group 3 - -same as Group 1 ex cep t  th e  cooked r i c e  
was d eh y d ra ted  in  th e  c o n v ec t iv e  a i r  d r i e r ;  Group 4 - -same as Group 3 
e x cep t  w ith  no chem ical t r e a t m e n t ) .
The e f f e c t  o f  p r o c e s s in g  and cooking on th e  n u t r i t i o n a l  l e v e l s  o f  
th e  q u ick -co o k in g  r i c e  was i n v e s t i g a t e d  by p e rfo rm ing  a n a ly s e s  f o r  t h i a ­
min, n i a c i n  and i r o n  on s i x  groups o f  r i c e .  These t e s t  groups con­
s i s t e d  o f  th e  fo u r  q u ic k -c o o k in g  r i c e  groups r e c e iv in g  th e  h ig h e s t  o r ­
g a n o le p t ic  s c o r e s ,  and one each  o f  e n r ic h e d  and n o n -e n r ich ed  raw r i c e .  
The raw sam ples were u sed  t o  e v a lu a te  th e  n e a rn e s s  o f  th e  a c tu a l  v a lu es  
o f  th ia m in ,  n i a c i n  and i r o n  to  th e  t h e o r e t i c a l  v a lu es  expec ted  a f t e r  
m ixing 0 .5  pounds o f  p rem ix  t o  99 .5  pounds o f  raw r i c e ,  and se rv ed  as 
r e f e r e n c e  p o in t s  f o r  comparing th e  e f f e c t s  o f  v a ry in g  th e  so ak in g ,
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cooking and d ry in g  c o n d i t io n s  on th e  p e r c e n t  n u t r i e n t  r e t e n t i o n  in  the  
f o u r  q u ick -co o k in g  r i c e  g roups . Group 1 ( th e  c h em ica l ly  t r e a t e d  raw 
r i c e  soaked a t  122°F f o r  15 m inutes  and cooked in  an a u to c la v e  a t  250°F 
f o r  3 m inutes fo llow ed  by a  com bina tion  o f  f r e e z e - d r y in g  and co n v ec tiv e  
a i r  d ry ing )  c o n ta in e d  th e  maximum amounts o f  th e  t e s t e d  n u t r i e n t s .  The 
d a ta  from th e  o th e r  sam ples i n d i c a t e d  t h a t  chem ical t r e a tm e n t  and 
f r e e z e - d r y in g  were c r i t i c a l  p ro c e s s  m o d if ic a t io n s  in  th e  m aintenance o f  
n u t r i e n t s  d u r in g  p r o c e s s in g .
A s u p e r io r  i n s t a n t  r i c e  w ith  c h a r a c t e r i s t i c s  o f  p e r f e c t l y  cooked 
r i c e ,  and a  h ig h  r e t e n t i o n  o f  o r i g i n a l  n u t r i e n t s ,  can be  produced by 
p ro c e ss  m o d i f ic a t io n s .
CONCLUSIONS
1. A p ro c e s s  in c lu d in g  chem ical t r e a tm e n t  o f  raw r i c e  fo llow ed 
by p r e s s u r e  cook ing , f r e e z e - d r y in g  and c o n v e c t iv e  a i r  d ry in g  has been 
developed  f o r  p ro d u c in g  an improved q u ic k -c o o k in g  r i c e  w ith  p r e s e l e c t e d  
ch em ica l ,  p h y s ic a l  and n u t r i t i o n a l  p r o p e r t i e s .
2. L ab o ra to ry  o p e r a t io n s  f o r  th e  p r e p a r a t i o n  o f  o p tim a l q u a l i t y  
q u ick -co o k in g  r i c e  in c lu d e d  f iv e  m ajor s t e p s :  (1) so ak in g , (2) cooking ,
(3) d ry in g ,  (4) r e h y d r a t i o n ,  and (5) o r g a n o le p t i c  e v a lu a t io n s .
3. The m o is tu re  c o n te n t  o f  cooked r i c e  was reduced  to  12%, and 
r e s u l t s  showed t h a t  chem ical t r e a tm e n t  and f r e e z e - d r y in g  were c r i t i c a l  
s t e p s  f o r  th e  p r e s e r v a t i o n  o f  n u t r i e n t s  d u r in g  p ro c e s s in g .
4. C hem ically  t r e a t e d  raw r i c e  soaked a t  122°F f o r  15 m in u tes ,  
and cooked in  an a u to c la v e  a t  250°F f o r  3 m in u te s ,  fo llow ed  by f r e e z e -  
d ry in g  and c o n v e c t iv e  a i r  d ry in g  e x h ib i t e d  maximum r e t e n t i o n  o f  th ia m in ,  
n i a c i n  and i r o n .
5. When th e  r e h y d ra te d  r i c e  was e v a lu a te d  o r g a n o l e p t i c a l l y ,  the  
c o l o r ,  f l a v o r ,  c o h es iv en ess  and t e x t u r e  (d eg ree  o f  cooking) were shown 
t o  be h ig h ly  a c c e p ta b le .
6. T h is  s u p e r i o r  i n s t a n t  r i c e  w ith  th e s e  d e s i r a b l e  ch em ica l,  
p h y s ic a l  and o r g a n o le p t i c  c h a r a c t e r i s t i c s  can be produced  i n d u s t r i a l l y  
by s im ple  p ro c e ss  equipment changes.
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